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PREFACE. 



The incrustation of steam boilers is a subject that has received but little at- 
tention compared with its importance. 

In this age of progress there is unfortunately too much tendency to neglect 
those minor details of management which form the foundation of safety in all 
employments and enterprises. 

In no case is this probably so true as in the management of steam gener- 
ators. 

Men who have not had the proper technical training for such trusts are 
often placed in full control, with carte blanche to do as they please with the 
boilers, provided the necessary steam to drive the engine is promptly fur- 
nished. Consequently all kinds of materials designed to prevent or loosen 
incrustations find their way into the interior of boilers. 

Expensive compounds are often purchased and recklessly employed, which, 
as might be expected, yield only unsatisfactory results. 

It was with a view to furnishing reliable information as to the various com- 
pounds and mechanical apparatus employed for the prevention of boiler in- 
crustation that the present volume was compiled. 

In doing this it was of course impossible for the author to accomplish more 
than to show the state of the art at the present time. 

The tendency of practical inventors for some years past has been to discard 
chemical compounds and to employ mechanical devices for preventing incrus- 
tation. 

The author could have greatly increased the size of the present volume by 
giving a description of all the different mechanical water purifiers and boiler 
cleaners which have been invented ; but as a large number of such inventions 
possess no substantial claims for recognition, he deemed it best to select only 
those which have been found satisfactory in practice pr which possess novel 
features. 

The matter in Chapter II was compiled from the best German authorities 
and from Wanklyn's and Frankland's treatises on Water Analysis. 

Charles Thomas Davis. 
Washington, D. C, 

1 1 14 Pennsylvania ave. , 
Sept. 24, 1884. 
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General Remarks Concerning the Incrustation and Corrosion op 

Steam Boilers. 

Builders of steam generators in our days are commonly awarded 
the reputation of possessing greater experience than their predeces- 
sors. Indeed, so numerous and valuable are the improvements which 
have been perfected in this class of apparatus during the past two- 
thirds of a century, that upon a cursory view it might appear that 
there really remains nothing further to be accomplished in the way 
of improvement in the construction or care of steam boilers. 

But the opposite is really the fact, and the repeated observations 
of each day clearly demonstrate that we fall far short of having at- 
tained a finality in devising and managing steam-making apparatus. 

It is true that during the past twenty years there has been made a 
remarkable advance in the economy of fuel used in steam engines. 
The general employmentof compound cylinders and surface condensers 
in marine engines has been productive of highly satisfactory results, 
for instead of being, as at present, only about 2 lbs. per one horse- 
power per hour, it was formerly 3^ to 4^ lbs., and with Corliss 
2 
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engines equally favorable results have been obtained. It is true that 
this has been accomplished by perceptibly diminishing the ei^urance 
of marine boilers since the introduction of surface-condensers and high- 
steam pressure. Recent experiments made by M. Georges Marie, en- 
gineer of the Paris and Lyon Railway, also clearly demonstrate that 
the consumption of fuel in good locomotives is only about 3.35 lbs., 
when the horse-power is measured by the work done at the circum- 
ference of the driving-wheels, and 2.91 lbs. when it is measured by 
the indicator diagrams, the fuel being of good quality and the firing 
done with care. Considering that locomotives work non-condensing, 
while marine engines enjoy the great advantage of condensation, it 
will be seen that even locomotives are much more economical than is 
usually supposed, the general impression being that locomotives con- 
sume as much as from 4^ to 5^ lbs. of fuel per horse-power per hour. ^ 

But even with this favorable showing of the best modern practice, 
if we carefully examine the systems commonly employed for gener- 
ating steam in our steamships, our manufactories, and on our rail- 
ways, and compare the results obtained under ordinary circumstances 
with those emanatory from carefully-conducted scientific experiments, 
we quickly realize that there yet remains vast room for improvement 
in the construction and care of steam boilers regarding the power of 
obtaining highly economical results from the combustion of fuel. 

The appalling frequency with which boilers give way without the 
slightest warning, and prove more or less destructive to life, limb 
and property, testifies powerfully in corroboration of the truth of 
the statement that such disastrous results can emanate only from 
imperfections or mismanagement, and that all the received forms 
of boilers and methods of construction are unsafe — even the most 
superior workmanship and material failing to insure perfect security.- 

It, therefore, devolves upon those having the responsibility of the 
management of steam generators to exercise strict precaution and 
take advantage of every aid that will lessen the liability of such ac- 
cidents, and at the same time extend the period of use of steam boil- 
ers, and economize in the consumption of fuel. 

The majority of suppositions commonly advanced to account for 
the ever-occurring boiler explosions and accidents are simply based 
on purely hypothetical reasons, and are necessarily nonsensical. 



^Proceedings of Institution of Mechanical Engineers, May, 1884, p. 82. 
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Even when vigilant precautions are observed, from the moment a 
steam boiler is constructed until it is finally destroyed there are nu- 
merous insidious agents perpetually at work which tend to weaken 
it. There is nothing from which the iron can draw sustenance, for 
the atmosphere without and the air within the boiler, the water as it 
enters through the feed-pipe and containing mineral and organic sub- 
stances, the aeriform fluid into which the water is converted, the- 
sediment which is precipitated by boiling the water, the fire and the^ 
sulphurous and pyroligneous acids of the fuel, are all natural enemies 
of the iron, and they sap its strength not only while the boiler is at 
work and undergoing constant strain, but in the morning before fire 
is started, and at noon, night, Sundays, and other holidays it is 
preyed upon by these and other eroding agents. Add to these de- 
stroying agents an occasional ignorant, careless or over-confident 
fireman or engineer, and boiler accidents instead of being described 
in the newspapers as *' mysterious,'* could often be fully explained 
in the two words — '* natural results." 

Deterioration, of course, depends greatly upon the quality of the 
material employed, the design, and the intelligent care exercised in 
the use of boilers, consequently it is not possible to accurately esti- 
mate the progress of degeneration at first sight. 

Experience has clearly demonstrated that the most common agent 
in promoting boiler explosions is corrosion, which constantly feeds 
upon both the exterior and the interior of a boiler. 

External corrosion is frequently hastened by culpable negligence 
or ignorance, this being the case when the boiler plate is exposed to the 
corroding influence of the atmosphere, or to drippings of water from 
defective roofs, cocks and packings, or from other preventable causes, 
which, while sometimes slow, are nevertheless certain to cause the 
wasting away of the iron ; or through the stupidity of those who set 
the boiler on the brick work it may be placed in such a manner that 
the moisture arising from the ground and the drippings of water 
from the mountings above can find a lodgment in it, where, concealed 
and neglected, it steadily feeds upon the plates and eats them away. 

This kind of corrosion is commonly charged to the wear and tear 
of the boiler ; it has nothing to do with wear and tear, but is exter- 
nal corrosion pure and simple, and as such is directly chargeable tO' 
carelessness. 

Boilers have often been seriously corroded by ashes which have^ 
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been thoughtlpasly allowed to remain in contact with the iron, the 
alkaline salts which they contain attacking the plates vigorously as 
soon as the ashes become dampened, which they readily do by draw- 
ing from bilge-water in vessels or from the ground ashore by leaky 
cocks, or by deliquescence from the atmosphere. When wood has 
been freely used in lighting fires, or large quantities of coal have 
been fired at one time, it has been found that the soot in tubes and 
flues has become charged with pyroligneous acid, and that this com- 
bination has caused corrosion.^ A similar result has also been pro- 
duced from the use of coal by the soot retaining fine dust of ashes, 
and, consequently, also sulphur acids derived from pyrites in the coal. ^ 

Proper care in cleaning flues or tubes and ash pits, and dis- 
cretion in firing will of course obviate corrosion from the latter 
two causes. 

Flues or tubes should often be swept, as soot, in addition to its 
liability to becoming charged with pyroligneous acid, as above noted, 
is a non-conductor of heat, and the short time spent in cleaning them 
will repay the engineer by the saving of labor in keeping up steam. In 
an establishment where they used but half a ton of bituminous coal 
per day, the time of raising steaxn in the morning was fifty per cent, 
longer when the tubes were unswept for one week than when they 
were swept three times a week. 

J^ig, I. 




The subject of flue cleaning is one of great importance to both 
engineer and proprietor. With poor tools the w^ork is the most tedious 
and unsatisfactory of the attendant's duties. Not infrequently 
boilers are condemned as being too small, when, if properly cleaned, 
they often would meet every demand. The Cyclone flue cleaner, illus- 
trated in Fig. 1. having a conical shaped head, adjusts itself to the 
end of the tubes and excludes the air, thereby preventing condensa- 



^Chem. News, vol. XXX, p. 153. Jour. Chem. Soc, vol. XIII, p. 294. 
« Chem. News, XXXII, p. 252. Jour. Chem. Soc., No. CLXI, p 796. 
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tion and iosiirlng a dry current of steam. The auger-shaped steam 
passage is without obstruction or division from the induction end to 
the outlet of the passage. A current of dry steam is delivered di- 
rectly against the face of tubes in an unbroken sheet, continuing 
through their entire length in a whirling motion, with a sweeping 
force, thoroughly removing all aahes and other foreign substances, 
and when daily used greatly improves the draft. The head is cast 
in one piece, and attachments, consisting of T coupling and hose 
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clamps, are malleable iron. The handle is of hard wood. There 
are no screws or loose parts to become lost or out of repair. The 
cleaner requires no oiling or adjusting, and is ready for use at all 
times by attaching rubber hose to steam pipe, as shown in Fig. 2. 
The entire operation of cleaning a boiler requires but a short time, 
and this flue cleaner is adapted to marine, stationery, portable, up- 
right, and locomotive boilers. 

This cleaner is made by the Crescent Manufacturing Company, 
Cleveland, Ohio, in sizes ranging from | inch to 16 inches. 

It is not infrequently the case that corrosion results from galvanic 
action, which is plainly manifest when brass cocks are attached di- 
rectly to the boiler shell, and the corrosive action is greatly facili- 
tated by the leakage of water, especially salt water, at the joint or 
•connection. 

The province of the present volume is not, however, to discuss the 
-construction and external corrosion, but rather to deal with the in- 
crustation and internal corrosion of steam generators, and to describe 
some of the apparatus, methods, and compounds which have been pro- 
posed as remedies. 

Corrosion of the shells, tubes, flues, and braces of steam generators 
is usually caused by the action of saline or acid substances, by oxida- 
tion, and by mechanical and galvanic action. Incrustation is the de- 
posit from the water, which adheres to the inside of the shell and 
surrounds the tubes, flues, and braces of boilers. 

Water on becoming steam is separated from the impurities which 
it may have contained, and, as the impurities of waters commonly 
employed for steam generators cause damage and promote explosions 
by forming sediment and incrustation, and, in addition, increases the 
cost of repairs, it has, therefore, long been a problem in steam engi- 
neering to get rid of feculent matter in water which it is found neces- 
sary to use in steam boilers. 

Nearly all natural water contains more or less mineral matter in 
solution, as well as organic and mineral matter held in suspension*? 
the latter may be removed by filtration or settling, but matter held 
in solution can only be removed from water by the agency of heat. 

The amount of mineral matter held in solution by ordinary water, 
as generally supplied to cities, and found in rivers, streams, canals, 
and fresh-water lakes, varies from 10 to 40 grains per gallon of 231 
cubic inches. Well and mine waters contain more, while in some 
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instances water is used for steam boilers containing as much as 250 
grains per gallon. But a much less quantity than the latter is suffi- 
cient to cause serious inconvenience. This is easily shown. For 
instance, Prof. Chandler, of Columbia College, New York, in his 
report to the President and Directors of the New York Central Bail- 
road on water for locomotives and boiler incrustations, says: ''It has 
been stated (page 3) that as much as 1300 pounds of incrustation have 
been taken from a single boiler at one time. It may seem impossible 
for so lar^e a quantity of earthy matter to be deposited from waters 
which average only 17 grains of incrusting constituents per gallon. 
When it is recollected, however, what vast quantities of water pass 
into a locomotive boiler, the possibility will be fully conceded. It 
was stated by a master mechanic on the road that a locomotive in 
running 40 miles will take in 1800 gallons of water, equivalent to 
45 gallons per mile, a quantity which seems incredible. Accept- 
ing this statement as a basis for calculation, we have 765 grains, 
or more than an ounce and a half of earthy matter as a possible 
average of the quantity which enters the boiler per mile. Mul- 
tiplying this by 1988, the average number of miles run on this section 
of the road by each of the 56 locomotives, in one month (Dec, 1865) 
we have 217 pounds of incrusting matter entering a boiler per month j- 
or 2004 pounds per year. Nor is this necessarily a maximum, as 
some boilers receive the larger part of their water from stations fur- 
nishing water much below the average in purity.'* 

As water is the medium through which most corrosive and all the 
incrustating ingredients are conveyed to the interior of steam gener- 
ators, we shall first describe the 

Composition and Properties op Water. 

Water is composed of the two gases, oxygen and hydrogen, in the 
proportion by weight of 88,9 parts of the former and 11.1 part of the 
latter, or 1 volume of oxygen to 2 volumes of hydrogen in chemical 
combination. 

The composition of water can be proved analytically as well as 
synthetically, a current of electricity decomposing it into its constit- 
uent gases, twice as much hydrogen as oxygen, by volume, being 
produced. 

Water, when pure, is colorless (in small quantities) and trans- 
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parent, without taste or odor, and a bad conductor of heat and elec- 
tricity. It is slightly elastic ; under a pressure of 30,000 lbs. to 
the square inch 14 volumes may be condensed into 13 volumes. It 
is 815 times heavier than atmospheric air, an imperial gallon weigh- 
ing (at 62° F. and barometric pressure at 29.92 in ) 70,000 grains, 
or 10 lbs. avoirdupois ; but being the standard to which the gravi- 
ties of solids and liquids are referred, its specific weight is usually 
said to be 1.0. 

Water contracts and becomes denser in cooling, until it reaches 
39°. 2 F., when it has reached its greatest density. 

On becoming still colder, it begins again to expand, and becomes 
consequently lighter. Above this temperature the surface of the 
water — which in large masses is the first to cool — becomes heavier 
than that beneath it, and falls to the bottom, this process going on 
until the temperature has descended to about 40° F., when the water 
on the surface on becoming colder expands, and thus remains on the 
surface ; after this the water under can only become colder by con- 
duction of heat, and as water is a bad conductor of heat, this takes 
place but slowly. 

This peculiar property of water is a most wise provision, for it 
prevents the possibility of a mass of water of any depth becoming 
completely frozen, and the lower portions being the warmest, fish 
life is preserved. 

Water freezes or becomes solid at 32° F., and in the act of freezing 
exi)ands considerably and gives out a large quantity of heat, which 
before was latent or imperceptible to tlie thermometer. The force 
exerted by this expansion is very great, and it is the expansion of 
water in becoming ice which bursts water-pipes ; but until it again 
melts it cannot, of course, pass through the cracks and tell the tale. 
Owing to the expansion in the act of freezing ice is lighter than 
water, its specific gravity being 0.916. 

Although water freezes at 32° F., it may, if kept perfectly still, 
be cooled much below this temperature, but when so cooled, if 
slightly agitated, as by dropping a grain of sand into it, or walking 
heavily across the room, it instantly becomes solid and gives out the 
heat previously latent, rising at once to the temperature of 32° F. 

If ice be melted in any vessel by the application of heat, it is 
found that the portions first melted remain at 32° until the last of 
the ice disappears, all the heat applied up to this point having 
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become latent, supplying only the place of that given out in the act 
of freezing. The latent heat of water is 176° to 176°. 6 F. 

The refractive power of water, or its index of refraction of light, 
is 133°. 6. The refraction increases below 39°. 2 F., although dens- 
ity diminishes. It is this refractive power that causes a stick which 
is partially plunged into water to appear bent. 

Water expands by the application of heat between 40° F. and 
212° F., at which latter temperature it boils in metallic vessels when 
the barometric pressure is 29.92 inches. Under pressure it may be 
heated much above this point without entering into ebullition, and 
even in open glass vessels it does not boil until it reaches one or two 
degrees above this. On the first application of heat to water small 
bubbles soon begin to form and rise to the surface ; these consist of 
air, which all water contains dissolved in it. When it reaches the 
boiling point the bubbles that rise in it are principally steam. In 
boiling water in glass vessels, after some time, when all the air has 
been expelled, the water does not boil steadily, but, owing to the 
force of attraction acting between the water and the glass, it will 
remain often still for a moment until the elasticity of the steam 
bubbles is sufficient to overcome this attraction, when it suddenly 
boils up violently and expels some of the water from the vessel. 

When water is poured on red hot surfaces it does not touch the 
surface, but remains in the spheroidal state at a little distance from 
it, being apparently surrounded by an atmosphere of steam. It as- 
sumes this state above 340° ; when the temperature falls to about 288^ 
it touches the surface and commences boiling. 

The boiling point of water varies according to the pressure. As 
before mentioned^ with a pressure of 29.92 inches, it boils at 212° ; 
with a pressure of 27.74 inches it boils at 208° F. This change of 
boiling point may be used to ascertain the height of mountains — 550 
feet making a difference of 1°. In a vacuum water will boil at 67 F. 
Advantage is taken of this in the concentration of the sugar-cane 
juices and the extraction of the sugar. The application of heat in 
the ordinary way converts a large quantity of crystallizable sugar 
into an uncrystallizable state, thus causing a serious loss. By effect- 
ing the concentration in a vacuum it takes place in a much lower 
temperature and prevents this source of loss. 

It is to be observed that water evaporates at all temperatures, and 
its solvent properties far exceed those of any other known liquid* 
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A very large proportion of all the different salts are more or less 
soluble in it, the solubility increasing generally as the temperature 
rises, so that a hot, saturated solution deposits crystals on cooling. 
There are a few exceptions to this rule, one of the most remarkable 
of which is common salt, the solubility of which is nearly the same 
at all temperatures, the hydrate of lime (slaked lime) being more 
soluble in cold than in hot water, sulphate of lime being also less 
soluble in hot than in cold water, and insoluble at 302° F., or be- 
tween 284° and 302° F. It also dissolves gases, but not in equal 
quantities ; for instance, hydrogen, oxygen, and atmospheric air are 
only soluble in comparatively small quantities, whereas ammonia 
and hydrochloric acid gases are absorbed to an enormous extent. 
It dissolves 670 times its volume of ammonia gas at 50° F. and 29.82 
inches pressure, and 480 times its volume of hydrochloric acid gas at 40° . 
Between these two extremes there are, of course, other gases which 
dissolve it in intermediate degrees. Generally the colder the water 
the more gas it dissolves. A boiling temperature expels all the gas 
if it be not very soluble. The solvent properties of water are still 
further increased when heated in a strong vessel under pressure. 

The liquefaction of solid bodies by solution in water obeys the 
same laws as their liquefaction by direct application of heat. It is 
facilitated or retarded in the same way by great variations of pres- 
sure, and it is attended by the absorption of a certain amount of heat, 
which is given out when the dissolved body separates again in the 
solid state from the solution. Usually, also, the volume of the solu- 
tion differs from the combined volumes of the solid substance and 
water at the same temperature. Solutions of salts also present the 
phenomenon of supersaturation analogous to that of the deferred 
solidification of water before mentioned. What is meant by super- 
saturation of solutions is this : When water, for instance, holds in 
solution as much of any salt as it can at a certain temperature, it is 
said to be a saturated solution at that temperature. As before stated , 
the higher the temperature generally, the larger the quantity of salt 
dissolved ; it follows that if the temperature of a saturated solution 
be lowered some of the salt would separate from it. 

If an aqueous solution of salt be boiled in a flask with a long, 
narrow neck, and this neck be hermetically sealed when all the air 
has been expelled, the solution frequently remains supersaturated 
when cold, but on breaking the point so as to readmit the air, even 
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without shaking the solution in the least, it frequently crystallizes 
directly. It appears, however, that if the air that is admitted be 
previously passed through a red hot tube, or even if it has been 
merely filtered through a column of cotton wool, crystallization does 
not take place. It would appear from this that the unheated or un- 
filtered air contained some solid particles, which, by dissolving in 
the solution, disturbed its molecular equilibrium, thus causing it to 
crystallize. This seems to be confirmed by the fact that a super- 
saturated solution does not crystallize if stirred with a glass rod or 
platinum wire which has been recently made red hot, but crystal- 
lizes instantly if touched with a rod that has lain exposed. to the air 
for some time. The absorption of heat during the solution of solids 
in water is taken advantage of to form freezing mixtures. 

Thus a mixture of equal parts by weight of water and nitrate of 
ammonia at 50° F. will be reduced to 3^.2 F. by the solution of the 
nitrate in the water ; and a mixture of 16 parts by weight of water, 
5 parts of nitrate of potassium, 5 parts of chloride of ammonium at 
60° will become reduced, when solution has taken place, to 10°. 4 F. 

As before stated, water boils under the ordinary pressure of the 
atmosphere at 212° F.^ a cubic inch of water becoming at this tem- 
perature nearly a cubic foot of steam. 

Steam, when not in contact with water, is affected by heat in pre- 
cisely the same manner as permanent gases ; its rate of expansion 
and increase of elastic force are the same. When water is present, 
however, this is no longer the case, but, on the contrary, the elastic 
force increases in a more rapid proportion. 

Water in becoming steam absorbs a large quantity of heat, which 
becomes latent, and is termed the heat of vaporization. This heat 
is again given out when the steam condenses to water. The latent 
heat of steam by one observer is 996°. 4 F., and by another 998° F. 

The latent heat of steam diminishes as the temperature of the 
steam rises, so that equal weights of steam thrown into cold water 
will have nearly the same heating power, although the temperatures 
may vary exceedingly. This also appears to be below the boiling 
point, so that to evaporate a given amount of water a certain quan- 
tity of heat is requisite at whatever temperature the evaporation is 
conducted. It is for this reason that distillation in vacuo at a low 
temperature effects no saving of fuel. The applications of steam are 
numerous ; in some cases the heating power being required, and in 
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others its elastic force is brought into use, as in the steam engine, 
&c., but this subject need not be further treated of on this occasion. 

Sources of Water. 

It is proper that we should give a description of the diflTerent 
sources from which natural waters are obtained, and also the proper- 
ties of the water in each case. We will divide the several natural 
waters into rain, river, well, and sea waters, and, except the latter, 
the principal source of these is rain, snow, or hail. 

It is probable that rain as it leaves the clouds is almost pure, but 
in its passage through the air it absorbs certain gases, and carries 
with it small particles of organic matter which are floating about in 
the air. The substances thus dissolved by the rain in its passage to 
the earth, i, e., in the open country, are the gases, oxygen, nitrogen, 
and carbonic acid, a little carbonate of ammonia, nitric acid, this latter 
more especially after a thunder storm, it being formed from ammonia 
and water by the passage of the electric spark through the air. In 
or near large manufacturing towns several other substances are found 
in rain water, such as sulphurous acid, sulphuretted hydrogen, &c., 
varying with the kind of manufacture carried on near the spot. 
Agiin, if rain water is collected after having fallen upon the roofs 
of houses it will be further contaminated by various substances with 
which it comes in contact. Rain water from the absence of earthy 
salts is very soft, and on that account is, for some purposes, prefer- 
able to hard waters. Rain, after it reaches the earth, soaks down 
into it, and during its passage through the various strata dissolves 
certain salts, &c., the quantity and quality of which vary with the 
nature of the strata with which it comes in contact. When this 
takes place on high ground the water percolates the strata, and very 
frequently finds an outlet at some lower point, as a spring. One or 
more of these springs is generally the source of commencement of 
rivers, which, as they flow on in their course, become increased in 
size by the various additions of wftter received from rain, drainage 
from the surface of the. earth, &c. The springs above mentioned 
generally yield hard waters, that is, water containing earthy salts 
in solution, the most frequent of which are carbonate of lime, car- 
bonate of magnesia, sulphates of lime and magnesia, common salt, 
and organic matter. These are the substances which the rain, con- 
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taming a considerable quantity of carbonic acid in solution, dissolves 
in its passage through the earth. Spring waters resemble well 
waters, and will be described more particularly further on. The 
river water, receiving supplies from those other sources which do not 
contain earthy matters, is, of course, softer than spring water. 
Biver water usually contains from 10 to 20 or 25 grains of solid 
matter per imperial gallon of 70,000 grains. The quantity, how- 
ever, varies with the time of the year and the dryness of the season , 
The average compositions of the Thames and Colne waters are as 
follows, in grains per gallon : 

The Thamee. The Oolne. 

Carbonate of lime 13.308 15.835 

^^ mafipiesia < trace. trace. 

Sulphate of lime 2.482 1.108 

Chloride of sodium 1.622 1.677 

Organic matter 3.250 1.880 

20.662 20.450 

The above-mentioned substances are those most generally found in 
river water, the quautities per gallon anil the relative proportions of 
the constituents varying according to circumstances. The hardness 
of water is generally determined by a solution of soap in proof spirit, 
made of such a strength that every degree of hardness shall be equiv- 
alent to one grain of carbonate of lime in a gallon. This simple 
method is known as Dr. Clark's soap test. The hardness before 
boiling of the Thames water above was 15°. 13,^ and that of the 
Colne, 16°. 4. 

^ Wanklyn, who somewhat modified Dr. Clark's method d^ registering degrees of hardness, 
made from 1873 to 1876 the following determinations of hardness of English potable waters : 

DtgrcM of HardneM. 

London,- New River Co 15.0 

London, Thames Co 16.5 

Leek town water 3.8 

Leek Workhouse well 5.2 

Oxton, Birkenhead 1 1.9 

Chelmsford, Essex, town water 13.3 

Cockermouth, Comberland 2.5 

Kirby Shore, Westmoreland 25.0 

Chatham 24.0 

Darley Dale, Derbyshire, well 7.5 

Manchester water 3.0 

Wanklyn states : *' Suppose the question to arise, how much carbonate of lime is contained 
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In the above and similar waters the carbonate of lime is held in 
solution in the water by the presence of free carbonic acid. When 
the water is boiled this carbonic acid escapes, and the carbonate of 
lime is deposited ; and it is this deposit which forms the principal 
incrustation in steam boilers. The removal of this carbonate of 
lime, or the greater portion of it, of coarse renders the water softer 
than before boiling. The hardness after boiling of the Thames water 
above was 6^.75, and that of the Colne, 6°. 5. 

If carbonic acid gas be passed through lime water until the pre- 
cipitate first formed is dissolved the resulting liquid is a solution of 
carbonate of calcium in carbonic acid water. When the solution is 
boiled carbonic acid escapes, and the carbonate is again precipitated. 

Such an experiment will serve to show how chalk is kept in solu- 
tion in ordinary well waters, giving the property of ^'hardness" 
and the manner in which the incrustation of boilers is formed. It 
may here be stated that sulphate of calcium produces similar hard- 
ness, and that these, with small quantities of the sulphate and car- 
bonate of magnesium, constitute the hardening constituents of well 
waters. 

Methods for determining the constituents and the degree of hard- 
ness of water will be explained in Chapter II. 

The waters from wells differ from each other much more than do 
river waters, from the fact of the waters passing through difiFerent 
strata in different spots, and having no direct addition of rain water. 

The wells in the different strata in and around London may be 
taken as fair examples. The water found in the wells in the gravel 
above the ''London clay" is principally, or entirely, surface water, 
and often receives the drainage from sewers, church yards, &c., so 
that the composition of the waters from these wells differ greatly 
even in short distances ; some of them containing only the ordinary 
constituents, carbonate of lime and magnesia, and sulphates of lime 
and magnesia, common salt, and a moderate quantity of organic 
matter, while others again are very impure, containing as much as 
6^ grains of organic matter, 22 grains of nitrates produced by the 



by a gallon of one of these waters, the answer is found by subtracting one degree (which is 
due to the gallon of water itself). Thus, New River water contains 14 grains of carbonate 
of lime, or else other salts equivalent to 14 grains of carbonate of lime. The Cockermouth 
water contains only 1.5 grains of carbonate of lime, or salts equivalent to 1.5 grain of car- 
bonate of lime, in the gallon." 
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oxidation of nitrogenous organic matter and salts of potassium, with 
the quantity of common salt greatly increased, and also frequently some 
ammonia formed from the putrefaction of nitrogenous organic matter. 
The nitrates would arise from organic substances which had passed 
into the water some time previously, and had had time to become 
oxidized by the air dissolved in the water, whereas the ammonia 
would arise from more recent contamination, and very likely putre- 
faction still taking place. 

The pumps seen in the streets of London receive their supply from 
these sources, and are often placed close to church yards, from whence 
they receive the dVainage, and hence the contamination. 

From the decomposition of organic matter large quantities of car- 
bonic acid are formed, and this being dissolved in the water, makes 
it sparkling and pleasant to drink. On this account these waters 
are deceitful and in hot weather dangerous, and upon the appearance 
of such diseases as cholera these pumps are closed. 

The wells in the *^ London clay" are few and unimportant, the 
water being frequently bad and small in quantity. 

The wells in the chalk and the sands above the chalk are the most 
important of all, from the large supply and temperature of the water, 
which is pretty constant all the year round. 

These wells, of which there are a large number, vary from 300 
feet to 600 feet in depth, but the water from all of them is of about 
the same composition. A remarkable fact about these wells is, that 
although the water comes from the chalk, there is scarcely any car- 
bonate of lime or magnesia in it, the principal constituents being 
carbonate of soda, sulphate of soda, and chloride of sodium (common 
salt). 

Sea water is a strong solution of salt, more especially common 
salt ; but the water from various seas differ in composition, and even 
the same sea, as the Atlantic, appears to contain more salts per gal- 
lon, or to be a stronger solution, in the tropics than in the colder re- 
gions ; this may be accounted for partly by the evaporation of water, 
which must take place in those climates. From the fact of containing 
so much salt in solution, its specific gravity is greater than that of 
fresh water, the general average being about 1.0274 ; hence its in- 
crease of buoyant power. The following analyses will show the 
composition of sea waters. . 
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CoifPOSiTiON OP Solid Matter in 1,000 Parts op Water, 

Eogllsli Channel. Mediterranean. 
Grains. Grains. 

Chloride of sodium 27 060 27.220 

" potassium 0.765 0.010 

*' maj^nesiiim 3.666 6.140 

Bromide of magnesium > 029 

Sulphate of magnesia 2.296 7.020 

'' lime 1.406 0.150 

Carbonate of lime 0.033 0.200 

35.265 40.740 

The analysis of the water from the English Channel was made by 
Schwertzer, and that of the Mediterranean by Laurens. 

The water from the Dead Sea differs greatly from other sea waters. 
It contains about 25 per cent, of saline matter, and has a specific 
gravity of 1.211. It contains a very large quantity of chloride of 
magnesium and chloride of calcium, besides chloride of sodium. 

Ordinary sea water may be considered to contain, on the average, 
about 3.5 per cent, of saline matter, or about 250 grains per gallon, 
and is on this account unfit to drink. 



The Effects of Water on Steam Boilers. 

We will now consider the effects of the several waters mentioned 
on steam boilers, when they are used in them continually. Bain 
water, from not containing earthy carbonates, would not form any 
incrustation in boilers, and the absence of salt would prevent its act- 
ing on the metal to a great extent. For stationary boilers no doubt 
it would answer very well, for the above reasons ; but being so soft, 
it would be likely to boil too violently in locomotives, and would 
prime considerably. 

Eiver water containing carbonate of lime, held in solution by the 
presence of free carbonic acid, boils steadily, and is not likely to 
prime either in stationary or locomotive boilers. As the water boils 
the carbonic acid gradually escapes, the carbonate of lime at the 
same time being deposited in the insoluble state, and, in many in- 
stances, in a crystalline state. The slower it is deposited the more 
crystalline will it generally be. 

In locomotives it becomes as hard as rock and is obliged to be 
chipped off. This incrustation also contains some sulphate of lime. 
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sulphate of lime being less soluble in hot than in cold water, as be- 
fore mentioned. This incrustation, which becomes fastened on to 
the iron of the boiler so tightly, gr^adually eats away a portion of 
the metal^ for when chipped off the incrustation will have a layer of 
oxide of iron on the side which has been in contact with the metal. 
This incrustation, it is commonly stated^ is a bad conductor of heat, 
and that when it is of any thickness makes a great difference in the 
quantity of fuel required to raise steam, and on this account it is 
claimed that a dirty boiler will not raise steam as quickly as a clean 
one. 

We think that the evils of incrustation have been greatly exaggerated 
80 far as increasing the quantity of fuel and time for raising steam 
are concerned ; and, in fact, if the effects of incrustation were limited 
entirely to these drawbacks, which have been continually thrust for- 
ward on almost every occasion as those deserving paramount con- 
sideration, then we would feel that engineers and inventors of anti- 
incrustating conipounds and apparatus had b^en battling with an 
almost chimerical drawback. 

There now lie before me, as I write these words, the tubes which 
have lately been removed from a tug-boat ; some of them were bound 
together by one solid mass of stone-like incrustation, which, when 
cut away, exposed portions of the tubes eaten and burned completely 
through ; the shell of the boiler in some places was almost in the 
same terrible condition, being so thin after the incrustation was re- 
moved that a strong kick with the heel of a boot would crush it. 
The same engineer had been in charge of the boiler from the time 
it was built until it was removed from the boat, and had paid par- 
ticular care in keeping the flues free from soot and ashes. A rigid ex- 
amination of the record of the work that had been done by this boat, 
and a comparison of the expenses or rather the quantities of fuel 
which had been used, showed in the three years that the boat had 
been running only a small additional consumption of coal in the 
latter six months over that of the first six months of the period. 

It is difficult to conceive that a boiler could be in a worse condi- 
tion so far as incrustation is concerned, yet we find the increased con- 
sumption of fuel arising therefrom to be insignificant when com- 
pared to the loss caused by the destruction of the boiler, and the 
still greater extirpation that was momentarily impending to life and 
property. 
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The economy of fuel in generating steam is, of course, commend- 
able, and, as we have before stated, should be constantly kept in view ; 
but the tendency of the times is too often to lose sight of the greater 
evils in producing steam, and place undue importance upon those of 
lesser moment. 

To speak plainly, for there is no excuse for mincing language 
in such matters, many persons having the care of boilers seem to 
think that their whole duty is performed if they can keep the en- 
gines moving, and have them develop the required power at a mini- 
mum expense for fuel. The plan would be good enough if it would 
only last ; but suddenly there comes a suspicion, even to the most 
obtuse engineer, that even though there is no remarkable increase in 
the consumption of fuel, that it would be expedient to make 
a thorough examination of the interior of the boiler under his 
charge, and then he discovers that extensive repairs are necessary, 
arid oftentimes that a new boiler is needed. 

The great wonder is not that there are so many boiler explosions, 
but that there are so few. 

But to return to our point of digression from which we have 
strayed further than was our intention. 

As the water boils, and the steam is used, more water is continually 
added to the boiler to supply the place of that converted into steam. 
The carbonate and sulphate of lime being deposited during the pro- 
cess of boiling, the proportion of these in the water in the boiler 
does not increase to any extent ; but such is not the case with the 
chloride of sodium (common salt). This being so very soluble re- 
mains in solution, and is, of course, gradually increasing in the 
water of the boiler until it is strong enough to set up a galvanic action 
between the metals where brass or copper comes in contact with 
the iron, as cocks, &c. The iron is the metal attacked, and, being 
gradually eaten away around the brass or copper, gives rise to leaks ; 
the incrustation of carbonate and sulphate of lime having the same 
effect only in a less degree. 

The accumulation of solid matters in boilers in this way is incred- 
ible to some people. Of course, blowing oft' the steam from boilers 
removes the sediment which is not so crystalline and which is not 
fastened to the boiler, and also the salt; but of this matter we shall 
have more to say in Chapters III and IV. 

Well loaters, — Those wells which yield hard water act upon 
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boilers in exactly the same manner as river water ; but, from the fact 
of their containing more solid matter per gallon, an equal quantity 
of these waters would yield a larger incrustation than river water. 

The water from the chalk in the London basin, which contained the 
soda salts,.answers well for stationary boilers, if the solution of salts 
is not allowed to get too strong before blowing off, otherwise they 
would set up galvanic action. The carbonate of soda already pre- 
sent renders it very soft and the small quantity of earthy carbonates 
are deposited as a fine powder. 

This water will not answer for locomotives, as it boils so violently 
that it primes considerably, and in ascending a hill, wholesale, so 
much so that the engines run short of water much sooner than they 
ought to, and having to keep constantly adding fresh water to the 
boiler, to take the place of that blown out, steam cannot be properly 
kept up. 

Well water containing a quantity of soluble salts acts upon the 
brass and copper to such an extent that boilers are almost covered in 
front with incrustations of salt ; the boilers, of course, are greatly 
injured and rapidly destroyed. 

Sea looter acts in the same way on iron boilers, but being a 
stronger solution it requires no concentration before it begins to 
take effect, and must be frequently blown off. 

Preventions to Corrosion op Marine Boilers. 

Zinc has proved to be one of the most effectual materials for pre- 
venting the corrosion of marine boilers. 

An examination of some steel marine boilers that had been in use 
for about three years showed no sign of pitting or corrosion in any 
of the parts. The boilers were washed out every voyage and very care- 
fully examined. No zinc was used, but care was observed in wash- 
ing out, drying out, and managing the water. 

Some of the most prominent Liverpool engineers always use zinc 
for steel boilers, and take care to apply it most strictly by fixing 
slabs of zinc in various positions in the boiler, exposing not less than 
a surface of one square foot for every twenty indicated horse-power. 

The zinc is usually found to be in a state of oxide and crumbling 
away in a comparatively short time. The whole is then renewed, 
and will last for a longer period when it is once more renewed* 
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Meanwhile there is no pitting or corrosion ; but on the contrary the 
interior surfaces appear to have taken a coating of oxide of zinc all 
over, and there is no trouble with them from corrosion. 

Dr. Kossman states that zinc introduced into steam boilers to pre- 
vent incrustation proves very useful in case of selenitic waters, but 
as against the carbonate of lime, magnesia, and iron it is of little 
value, the zinc being soon rendered brittle and porous, and in a 
short time reduced to a powder. 

Galvanic action, induced by the contact of zinc with the iron of 
the boiler, will, it is claimed, so long as the metallic contact is 
maintained, prevent corrosion of the interior of marine steam boilers. 

The theory of zinc in contact with iron preventing corrosion may, 
as stated by Mr. King in an article in the Journal of the Society of 
Arts, be illustrated thus : ^^ Take two pieces of metal, one of zinc 
and the other of iron, and immerse them in a solution of water di- 
luted with acid, both will suffer from corrosion; but connect them 
with a wire, and you make them at once into a galvanic couple. A 
current of electricity is set up between them — the corrosion is di- 
rected entirely upon the zinc, which crumbles away, while the iron 
is no longer injured. The zinc is the positive and the iron the neg- 
ative pole. Now you only have to continue the plate of iron till it 
extends all round the zinc and encloses it, and you have a perfect il- 
lustration of the manner in which an iron boiler, enclosing a block 
or mass of zinc, is made as a whole into the negative pole of a gal- 
vanic couple, and is thenceforward protected from corrosion." 

It will also become evident that if the connecting wire be broken, 
or the contact between the zinc and iron made imperfect by the in- 
tervention of any foreign matter, the galvanic current will cease and 
the iron of the boiler will corrode as well as the zinc— just as the 
two pieces of metal were seen to corrode before they were joined by a 
wire. 

It is claimed that carefully conducted experiments have proved 
that no mere mechanical attachment of the zinc will suffice to insure 
continued maintenance of the galvanic current, for no matter how 
carefully the zinc is fitted and secured to the iron, water will creep 
in, and a layer of oxide of zinc forming soon destroys the metallic 
contact. 

It has also been found that the use of zinc plates is faulty ; if they 
are cast they soon split up and fall to pieces, and if rolled they are 
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usually only about one-quarter of an inch in thickness and they 
soon dissolve away. 

In order to meet the various defects in the use of zinc plates, Mr. 
James B. Hannay, of Glasgow, Scotland, designed a ball of zinc 
with a copper conductor cast through the center of it, the copper be- 
ing so combined and amalgamated with the zinc at the junction of 
the two metals as to form brass, thus preventing the formation of 
corrosion between them to stop the galvanic current. This ball of 
zinc, which the inventor calls an ^^electrogen," is fitted in any con- 
venient part of the boiler by a simple device, and. from the moment 
the electrogen is connected to the boiler, it keeps up an uninter- 
rupted galvanic current, and the interior of the boiler is protected 
from corrosion as long as any of the zinc remains. 

The zinc is, by Hannay's invention, which was patented in England 
in 1881, and in the United States in 1883, applied in blocks or masses 
which are of a spherical, spheroidal, polyhedral or cubical form, or 
other form having but small difference of thickness in different di- 
rections, preference being given to the simple spherical form. Each 
sphere or block is by preference three inches, or more, in diameter, 
and has a wire metallically united to it, so as to extend to or beyond 
its center, the union being effected by casting the block upon the 
wire, or in some other sufficient manner. The wire, which may be 
of copper or of other suitable metal or alloy which is a good con- 
ductor of electricity, has its other end attached, by soldering or 
brazing or other equivalent means, to the shell or tubes or other part 
of the boiler which it is wished to protect from corrosion. The spheres 
or blocks are placed in the water in the boiler in any convenient 
situation, and are suspended or supported in any convenient way, 
but by preference not by means of the conducting wires. The blocks 
or masses of zinc are cast; but in order to render them more dur- 
able and efficient they are subsequently brought into the condition 
known as ** malleable." For this purpose the masses are hammered 
or forcibly pressed or rolled, the operation being by preference effected 
suddenly. A convenient and satisfactory means for the purpose con- 
sists of a powerful screw-press fitted with a heavy fly-wheel or 
heavily- weigh ted arms and provided with suitably-shaped dies. The 
blocks or masses are by preference submitted to the hammering or 
compressing operation when heated to a temperature between 120° 
and 160° C. (248° and 320° F.) By a further improvement the zinc 
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is made more susceptible of being rendered malleable by being 
alloyed with a small portion — say not more than ten per centum — 
of lead, tin, or copper. 
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Fig>6, 
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Figs. 3 and 4 are front and side elevations of a spherical block of 
zinc as suspended in a boiler, and Fig. 5 is a horizontal section. The 
sphere or ball 4, of zinc, is cast upon a brass core, 5, formed, by 
preference, as shown, with projections 6 radiating from the center. 
To one end of this core 5 there is soldered or brazed a copper wire, 
7, the other end of which is soldered to the shell of the boiler. 
The ball 4 is suspended by means of an iron strajp, 8, from one of 
the boiler-stays, 9, the ball being held' or clipped between the lower 
ends of the strap 8 by means of screw-bolts 10, and by means of 
cross-pieces 11, riveted to the strap ends. Another mode of holding 
the zinc ball is shown in Fig. 6. According to this modification the 
ball 4 is simply placed in a ladle, 12, having a handle, 13, which is 
attached to some of the tubes 14 of the boiler by a clamping-bar, 15, 
and screw bolts. 

A very good protection against the internal corrosion of a boiler 
consists of a thin layer of ordinary boiler-scale, and its value lies in 
its excessive thinness, otherwise it would soon crack by the expansions 
and contractions of the plates, and thus aggravate the evil of corro- 
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sion by retaining the moisture entering between the iron and the 
scale. 

This scale is best given to the interior of the boiler before oxida- 
tion has had an opportunity to attack the iron surfaces, and should 
be formed as soon as possible after raising steam, the water in the 
boiler being kept at about three times the density of ordinary sea 
water for a* short time in order to quickly produce the protective layer 
of scale. 

Portland cement has sometimes been applied to the interior of 
marine boilers, and if it could be put on thinly and properly it would 
form sufficient protection against corrosion ; but it is liable to be 
washed off by the feed, thus allowing particles to be carried over intf> 
the engine. 

Note. — For a portion of the matter contained in this chapter, relating to the effects of 
water on steam boilers, the author desires to acknowledge his indebtedness to an excellent 
article on the subject by H. K. Bamber, and recorded in the Transactions of the Society of 
Engineers 



CHAPTER II 



Determination op Constituents and Hardness of Wate^i. 

We cannot enter upon a full description of the different qualitative 
and quantitative methods for determining the constituents of water^ 
but will only briefly describe a few examinations of importance, and 
refer those of our readers who may desire more minute information, 
concerning methods and apparatus employed, to the treatises of 
Wanklyn and Frankland on Water Analysis. 

The qualitative examinations of water as to its admixtures of lime, 
magnesia, alkalies, chlorine combinations, sulphuric and carbonic 
acids, the larger or smaller quantity of which generally determines 
its character, can be executed in the following manner : 

1. The chlorine combinations are shown by the formation of a 
white precipitate when treated with nitrate of silver in nitrate solu- 
tion. ^ 

2. Sulphuric acid and sulphates are recognized by the formation 
of a white precipitate with chloride of barium. ^ 



^ Numerous apparatus containing chemical tests for water have been contrived, and without 
wishing to disparage such apparatus, it is probably best to state that without a knowledge of 
chemistry those who use them will be worse off with than without them. For instance, nitrate 
of silver is usually provided to determine the presence of chloride and chlorine ; but if car- 
bonate of soda should be present in the water under examination, carbonate of silver would 
be formed as well as chloride. Before the nitrate of silver could be applied the water should 
be aciduated with nitric acid to remove the carbonates, and then the nitrate of silver would 
throw down the chloride. 

* 200 — 300 c. c. of clear water is heated to boiling, and then heated with a slight excess of 
solution of chloride of- barium and a few drops of hydrochloric acid, boiled and filtered. The 
precipitate is washed, ignited, and weighed. Good filter-paper is essential for this determi- 
nation. 
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3. Carbonic acid is present when the addition of clear lime-water 
gives a white precipitate. 

4. The presence of silicic acid, lime, and magnesia, by evaporating 
to dryness, with an addition of hydrochloric acid, in a platinum dish 
of H capacity of about one litre. The residue is taken up with hydro- 
chloric acid and .water, the portion remaining undissolved being 
silicic acid. The lime can be separated as calcium oxalate from the 
filtrate with ammonium oxalate. After removing the calcium oxa- 
late by filtration and evaporation of the filtrate, the magnesia is 
precipitated with ammonium phosphate, as ammonium magnesium 
phosphate. 

5. Organic substances are shown by adding a few drops of potas- 
sium permanganate and' some pure sulphuric acid. If organic sub- 

' stances are present the potassium permanganate, added drop by drop^ 
is decolorized until all the organic substances are corapletely oxidized. 

6. Determination of the entire residue. One litre is carefully evap- 
orated to dryness in a platinum dish, the weight of which has been 
previously determined. The residue is dried at 356° F. until a de- 
crease in weight no longer takes place. ^ 

7. A determination of hardness with alcoholic soap solution serves 
in most cases as a substitute for a quantitative analysis. We give, 
therefore, a short description of it. The process of determining the 
hardness of water by a soap solution of a determined percentage, which 
was introduced by Clark, is a very simple one. By an addition of 

^ It not uncommonly happens that the solid residue is exceedingly deliquescent ; in such a 
case it must be rapidly weighed. 

In order to give an idea of the amount of solid residue which actually occurs in natural 
water, we subjoin a few examples : 

Grains of total tolida 
in a gallon. 

London, Thames Companies 18.5 

London, New River 17.6 

London, Kent Company 26.5 

Manchester Water Supply 4*7 

Glasgow, Loch Katrine 2.3 

Bala Lake 3.2 

Guilford, New Supply 19.7 

Scarborough Reservoir 28.7 

The Rhine at Basel n.8 

Spree at Berlin 8.0 

Atlantic Ocean 2688.0 

Distilled water ; . ; o. i 
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soap solution to water containing too much lime or magnesia a white 
precipitate of lime or magnesia soap insoluble in water is formed as 
long as calcium or magnesium salts are present. 

A distinction is made between ^Hotal hardness " and ^^ permanent 
hardness.'* The hardness of water not boiled is termed total hard- 
ness, and the hardness produced by the earthly sulphates is termed 
** permanent hardness/' because unaffected by ebullition ; the term 
^^ temporary or changeable hardness'* being also frequently used to 
denote the hardness produced by the earthy carbonates, because re- 
movable by ebullition. 

The process of determining the total hardness is as follows : 50 c. c. 
of water are measured with a pipette into a bottle having a capacity 
of about 8 ozs.j and provided with an accurately-fitting ground 
stopper. Before adding the soap solution the free carbonic acid is 
removed by shaking the water, and then sucking out the air from the 
bottle through a glass tube. Then add from a burette or pipette 
graduated into cubic centimeters 1 c. c. of a standard solution of soap, ^ 
shake the bottle vigorously, and repeat the process after each addi- 
tion, the quantity of soap test being gradually decreased until it is 
added only drop by drop as the reaction approaches completion. 
When a dense, delicate lather is formed which will endure for the 
space of five minutes, the bottle being laid down on its side, then the 
operation is finished, and the quantity of soap solution must be accu- 
rately noted. 

The number of cubic centimeters of soap solution required to pro- 
duce a lather being known, the degree of hardness can be ascertained 
from Table No. 1 or 2. 



1 Standard soap solution. — To make a potash soap, which keeps well, 40 parts of dry 
potassic carbonate and 150 parts of lead plaster {emplastrum plumdi, B. P.) are rubbed to- 
gether in a mortar until thoroughly mixed. Methylated spirit is then added and titurated to 
a cream, and after allowing to rest for a few hours, transfer to a filter and wash repeatedly 
with methylated spirit. The strength of this is determined by adding it to 50 c. c. of standard 
calcic chloride solution (the preparation of which will be explained) ; proceeding as in determ- 
ining hardness. Dilute with water and alcohol until exactly 14.25 c. c. are required to form 
a permanent lather with 50 c. c. of solution of calcic chloride. The water is added in quan- 
tities such as to make the proportion of water to spirit as one to two. 

Standard calcic chloride solution. — This may be prepared by weighing 0.2 gram, of any 
pure form of calcic carbonate, such as Iceland spar, into a platinum dish and gradually adding 
dilute hydrochloric acid until it is dissolved ; loss may be prevented by covering the dish with 
a clock glass. Excess of H C I is driven off by successive evaporations to dryness, with dis- 
tilled water, then re-dissolve in distilled water, and make up to one litre. 
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1. Clark's Table of Hardness— 1000 Grains of Water Used. 



Degree of hardness. 


Measures of soap 
solution. 


Difference for the 
next degree of 
hardness 


Degree of hardness 

1 


CO 

CO '-M 

19.4 
21.3 
23.1 
24.9 
26.7 
28.6 
80.3 
32.0 


Difference for the 
next degree of 
hardship. 


Distilled water 

1 


1.4 

3.2 

6.4 

76 

9.6 

11.6 

13.6 

15.6 

17.6 


1.8 1 
2.2 , 
2.2 
2.0 
2.0 1 
2.0 
2.0 ! 
1.9 
1.9 


9 

10 

11 


1.9 
1.8 


2 


1.8 


3 


12 


1.8 


4 


13 


1.8 


6 


i 14 


1.8 


6 


' 15....:.;.......:... 


1.8 


7 


16 


1.7 


8 











2. Table of Hardness in Parts Per 100,009, 50 c. c. of Water Used. 
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.3 
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Ca GO3 per 
100,000. 


C. C, of soap 
solution. 


Ca CO3 per 
100,000. 
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.49 
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.97 

19.13 
.29 
.44 
.60 
.76 
.92 

20.08 
.24 
.40 
.66 
.71 
.87 

22.08 
.19 
.85 
.51 
.68 
.85 

22.02 

' .18 
.35 
.52 
.69 
.86 
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Clark was the first to introduce the term ^Megree of hardness/^ 
and in Table No. 1 each measure of soap solution = 10 grains, and each 
degree of hardness = 1 grain, of carbonate of lime or its equivalent of 
another calcium salt, or equivalent quantities of magnesia or mag- 
nesium salts in 70,000 parts (= 1 gallon). 

At the present time one degree of hardness is suitably estimated 
as equal to one part of calcium oxide in 100,000 parts of water. 

Should it be found that the quantity of soap solution required to 
produce a permanent lather exceeds 16 volumes of the solution to 50 
of water, a second experiment would be necessary. In such a case a 
smaller quantity of the sample of water — even as low as 10 c. c. if the 
water appears to be very hard — to which a sufficient quantity of re- 
cently-boiled distilled water has been added to raise the bulk to the 
required 50c. c. The same process is then performed as above described, 
but the number expressive of hardness must be multiplied by 2, 
or some other figure, according to the degree of dilution of the sample. 

For the determination of the permanent hardness, 500 c. c. of 
water are gently boiled in a sufficiently large matrass for at least one 
and one-half hour, a part of tfee evaporated water being replaced by 
distilled water. 

While the water is boiling the steam should be allowed to escape 
freely, and precaution must be observed to prevent the steam from 
the matrass from condensing and flowing back into the boiling water, 
because the escaping carbonic anhydride would be dissolved by the 
condensed water, which would thus be continually returned to the 
contents of the ma trails in sufficient quantity to interfere with the 
complete precipitation of the carbonate of lime. The boiled water, 
when cold, is poured into a flask having a capacity of 500 c. c, and 
the matrass rinsed out with distilled water, the rinsing being added 
to the water in the flask. The latter is then filled with distilled 
water up to the mark and the entire contents filtered through a dry 
filter into a dry glass. 

The degree of hardness of a definite number of cubic centimeters 
is then. determined in the manner above described. 

The English degrees of hardness are reduced to German by mul- 
tiplying the degrees found by 4 and dividing by 5, the reduction of 
German to English degrees being vice versay accomplished by multi- 
plying by 5 and dividing by 4. 



CHAPTER III. 



PuRiFYiNo Water for Steam Boilers. 

Section 1 —Methods and Compounds for Purifying Natural Waters 
AND Those Mixed with the Drainage of Mines, &c. 

There have been proposed numerous methods for softening and 
purifying water, and if the incrustating ingredients could be removed 
from water before it passes in the boiler much inconvenience and ex- 
pense and many boiler explosions would be avoided. 

Clark's method ibr softening wat^^r is only applicable to water 
which owes its hardness entirely to the carbonates of lime and mag- 
nesia held in solution by carbonic acid, and which was described in 
Chapter II as ^^ temporary hardness." But water which owes its 
hardness to sulphate of lime or sulphate of magnesia, ^* permanent 
hardness," cannot be thus softened ; but any water which softens by 
boiling for half an hour will be softened to an equal extent by Clark's 
process. 

The hard water derived from chalk, limestone, or oolite districts, 
is generally well adapted for this operation. 

To soften 700 gallons of water, 1 oz. of quicklime is required for 
each part of temporary hardness in 100,000 parts of water. (See 
Table 2, on page 43.) 

The lime is slaked thoroughly in a pailful of water, and the milk 
of lime thus obtained is stirred and immediately poured into the cis- 
tern containing at least 50 gallons of water to be softened, the heavy 
sediments being allowed to remain in the bottom of the pail. The 
bucket is then again filled with water, and stirred and poured as 
before. 

If the rush of the remainder of the 700 gallons of water, which 
must be added or allowed to run into the cistern from the supply pipe, 
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does not thoroughly mix the contents of the cistern, then it must he 
accomplished by stirring with a suitable wooden or iron paddle. 

By the employment of a simple chemical test the proportion of 
lime may be more accurately adjusted. When a solution of nitrate 
of silver is added to water containing even only traces of uncombined 
lime, it strikes a yellow or yellowish-brown color. A dessertspoonful 
of the milky water should be from time to time taken from the cis- 
tern during the final running in of the water, and put into a white 
teacup containing a couple of draps of the nitrate of silver solutiop ; 
if a brownish coloration results the slaked lime is still largely in excess, 
and more hard water must be admitted ; should the milky liquid con- 
tinue white after its admixture with the nitrate of silver, more milk 
of lime must be added to the water in the cistern ; but if only a 
faint, just visible yellow tint be produced, then the proper proportion 
of lime to hard water has been attained, and the inflow of the latter 
should be cut off. 

After standing for three or four hours the water will be sufficiently 
clear for washing purposes ; but to render it clear enough for drink- 
ing, or for steam-boiler purposes, ten or twelve hours' settlement 
will be required. 

Embree claims, that if a small quantity of quick-lime, either dis- 
solved in water or otherwise, is put in common hard water, it will 
immediately seize upon the surplus carbon of the super-carbonate of 
lime, and reduce all the lime in the water to carbonate of lime, which 
being insoluble will fall to the bottom of the vessel, leaving the 
water pure and not liable to coat the boiler. 

If the boiler be worked only in the day time, the lime may be 
placed in the cistern or well in the evening, and it is claimed that it 
will be settled before morning. The proper quantity of lime to be 
used the patentee states can be tested by litmus paper. Embree, also, 
in this patent, claims the use of **stillslop" to prevent or remove 
incrustation by lime in steam boilers. 

By Uames* process the water, before entering the boiler, is heated 
by mixing with such decomposing agents that by contact the sul- 
phates and carbonates will be rendered insoluble, and changed from a 
chemical to a mechanical combination with the water, or, in other 
words, will be no longer held in solution, but in suspension, and pre- 
cipitation follows. In order to accelerate the precipitation of the 
decomposed calcareous matter, the water, after passing through the 
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decomposing agents, and before entering the boiler,- is filtered through 
a stratum of animal carbon or other filtering medium. 

In the practical application of Eames' process, if the water to be 
used in the boiler has in it, in addition to the salts or calcareous 
matter held in solution by it, impurities such as grease, oil, dirt, or 
vegetable matter, it is first passed through a layer of animal carbon 
or sponges, or both, or through any other known and suitable pro- 
cess of filtration, in any suitable direction, as the nature of the case 
may require, to cleanse it of the impurities above named. The water 
is then percolated through a stratum of native carbonate of barytes 
(witherite) in powder or granulated, or in any other form deemed 
advisable, or through artificially prepared carbonate of barytes, either 
in powder or granulated, which barytes is to be confined in vessels 
of any suitable form that will best answer the purpose, in which vessels 
are to be placed wire gauze or other sieves to form inlets and outlets 
with or without supporting grating. The direction in which the 
water percolates through the witherite may be either horizontal, ver- 
tical, or angular, as may be deemed most advisable. The water is 
now passed through a layer of oxalate of barytes in a similar man- 
ner to that just described for the carbonate of barytes, after which 
the water is passed through another filter of animal carbon or sponges, 
or both. The water is thus claimed to be freed from all salts of lime 
or incrustating matter that it held in solution, and is ready to be 
taken by the feed-pump and fed into the boiler. 

Degenhardfs process for purifying water for use in steam boilers 
consists in treating the water, preferably while it is in a feed-water 
heater, with sulphuric acid, in such proper quantities as will insure 
the desired efiect, according to the degree of impurity contained in 
the water. 

The sulphuric acid combining with the carbonate of lime converts 
the same into sulphate of lime, which will be precipitated and allow 
the pure water to be drawn into the boiler. 

The test for ascertaining the purity of the water is as follows : 
Blue litmus paper is used, and immersed in the water to discover 
whether an excess of acid has been used, and red litmus paper is 
employed to ascertain whether all the carbonate of lime has been 
removed. 

Dudley's process, patented August 21, 1883, consists in treating 
natural waters, before they are introduced into the boiler, with soda 
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lime mixed in definite proportions, and the method of carrying the 
process practically into effect is substantially as follows : The water 
to be purified, having been analyzed to ascertain its chemical com- 
position, is treated with soda lime in a powdered condition in such 
quantity as to combine with the carbonic acid in the water. The 
amount of soda lime required may be determined by the use of test- 
paper in the manner well understood ; or, the causticity of the 'soda 
lime being known, a weighed amount sufficient to satisfy the carbonic 
acid, both free and as bicarbonates, may be added to the water. The 
proportions of the lime and soda in the soda lime used depend on the 
ratio between the carbonic acid, both free and as bicarbonates, and 
the sulphuric acid and chlorine in the water to be treated — that is, 
it should contain enough caustic lime (or its equivalent) to combine 
with the carbonic acid, both free and as bicarbonates in the water, 
and at the same time soda enough to combine with the sulphuric 
acid and chlorine in the water. For example, in a water having 
thirteen grains per gallon of carbonic acid, both free and as bicar- 
bonates, and two grains each per gallon of sulphuric acid and chlo- 
rine, a soda lime would be required containing caustic lime (or its 
equivalent) and soda (NajO) in the ratio of five to one, or nearly so. 
After the soda lime has been added to the water and the same has 
been thoroughly agitated for an hour or more, it is allowed to stand 
until tne mineral impurities have settled to the bottom. The clear 
water, it is claimed, may then be drawn off from the above precipi- 
tates for use. 

The matter of agitation assumes special importance in the practice 
of this method, for the reason that the material to be diffused 
through the mass of water is introduced in the form of a powder 
instead of in solution. 

A hot solution of caustic lime and caustic soda has been added to 
sewage waters for the purposes of purification, but the directions 
given in the specifications of the patent for that method would 
not enable natural waters to be successfully purified for boiler use. 
Furthermore, no statement is made that it is necessary to vary 
the proportions of lime and soda according to the water to be purified. 
With Dudley's process this is essential. One soda lime will not 
purify all waters. The foundation upon which Dudley's method rests 
is definite proportions between the soda and the lime. 

But in the practice of Dudley's method, just described, it is found 
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in purifying certain waters that so large an amount of sulphates, 
principally sulphates of soda and sulphate of magnesia, is left in the 
water that their presence becomes objectionable ; and the object of 
the method which is now to be described and which was patented 
January 1, 1884, is to remove from the water the sulphuric acid in 
those sulphates, and such other mineral matter as may be precipitated 
by caustic baryta. In treating these waters, the method described 
in the patent of August 23, 1883, is exactly carried out until the com- 
pletion of the agitation after the soda lime has been added, when 
caustic baryta is then added in sufficient amount to combine with the 
sulphuric acid of the sulphates. Agitation is then continued suffi- 
ciently long to cause the necessary reactions to take place. The 
water is then allowed to stand until it becomes clear, when it is 
ready for use. 

In the practical application of the present method it may be neces- 
sary, in certain cases, to modify the constitution of the soda lime used 
as described in the patent previously referred to— that is to say, when 
the sulphuric acid is to be removed, it will not be necessary to have 
the soda lime contain enough soda to combine with the total sulphuric 
acid and chlorine in the water, but only enough to combine with the 
sulphuric acid and chlorine which in the original waters were com- 
bined with the lime. If a soda lime is used, however, which leaves 
carbonate of soda in the water, it will be necessary to add enough more 
caustic baryta to combine with this carbonic acid. The chemical re- 
actions which take place as the result of the addition of the caustic 
baryta, as above described, are probably as follows : The water may 
contain the following salts which may be concerned in the reaction, 
namely, sulphate of soda, sulphate of magnesia, and carbonate of 
soda. By the reaction, sulphate of baryta, carbonate of baryta, hy- 
drate of soda, and hydrate of magnesia will be formed. The baryta 
salts and the hydrate of magnesia will be precipitated and the hy- 
drate of soda will remain in the solution. If chloride of magnesia 
has not been previously precipitated, its magnesia will now be pre- 
cipitated by means of the caustic soda. The result of the whole oper- 
ation will be that nearly all the mineral impurities occurring in the 
water, including the sulphuric acid, will probably be removed from it. 
4 
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Dudley's Process of Purifying Waters^ such as those Mixed ivith the 

Drainage of Mines, dkc. 

Certain waters — notably those mixed with the drainage of mines 
and pickling liquors from galvanizing works, &c. — contain such large 
amounts of corrosive constituents — such as sulphuric acid and sul- 
phates of iron and alumina — chat they cannot be used without great 
loss and damage to the boilers. 

The object of the present method, which was patented January 1, 
1884, by Dudley, is to render all these waters fit for use in steam 
boilers by removing the objectionable material from the water. 

The method is carried practically into efifect as follows : The 
water having been analyzed to ascertain its constituents, is treated 
with caustic baryta in sufficient amount to combine with the carbonic 
acid, both free and as bicarbonates, the sulphuric acid and the chlorine 
combined with lime and mag nesia, iron and alumina, provided any or 
all of these are present. The water is then agitated for an hour (more 
or less) to efiect thorough mixture and allow the remaining chemical 
reactions to take place. Carbonate of soda is then added in sufficient 
amount to precipitate, as carbonates, any lime or baryta salts that 
may be in solution in the water. This agitation is then continued 
sufficiently long to allow the necessary reactions to take place. The 
water is then allowed to settle, when the clear water above the pre- 
cipitate is ready for use. The principal chemical reactions which take 
place in the above described method are probably as follows: The 
carbonic acid, both free and as bicarbonates, combines with the baryta, 
forming carbonate of baryta, which precipitates. The sulphuric acid 
combines with the baryta, forming sulphate of baryta, which precipi- 
tates. The chlorine will probably unite with the caustic baryta, form- 
ing chloride of barium, which will remain in solution. The carbonates 
of lime and magnesia held in solution by carbonic acid will be precipi- 
tated by the combination of the carbonic acid with the caustic baryta. 
The lime and magnesia, iron and alumina, combined with sulphuric 
acid, will separate as hydrates. Of these the iron, alumina, and mag- 
nesia will precipitate. The lime — at least a portion of it — will re- 
main in solution. This caustic lime and the chloride of barium are 
precipitated as carbonates by the carbonate of soda. 

Other reactions than those above given may take place, but the 
above are the principal ones ; and the result of the whole, it is 
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claimed, is that the largest portion of the objectionable impurities 
originally in the water are removed and the water rendered alkaline 
and fit for boiler use. 

Section II.— Apparatus for Purifying and Heating Mine and Nat- 
ural Waters. 

Shaio's Apparatus for Purifying Mine Water, 

The object of Shaw's apparatus, shown in Fig. 7, is to enable the 
use of mine waters for steam purposes, and to prevent the corrosive 
action of the sulphurous and carbonic acid in the mine water upon 
the boilers, &c., in which it is used. 




Fig. 7 represents a vertical section through center of two tanks^ 
a and A, with the inlet-pipe Vj for entrance of mine water from any 
source of pressure. 
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The water enters the two recoil arms/, which are simply metal 
tubes with their outer ends bent in opposite directions to cause the 
water to be injected in tank a at a tangent from the radius line, the 
effect of which is to rotate the arms / whenever the water is injected 
by external pressure. The recoil-arms / are secured to hub o, that 
revolves freely on boss-journal c, which is firmly secured to bottom 
of tank a. The screws r, secured to hub o, work in annular groove 
in journal c, or the screws can be screwed up tightly to prevent rota- 
tion, as desired. 

d is outlet-vale for semi-fluids, and k is outlet for water free from 
acid into storage-tank A. 

g is outlet-valve for any sediment in tank A, and I is outlet-pipe 
for purified water, to be used for steam and other purposes. 

The tanks shown are supported in position by any of the ordinary 
methods of supporting tanks, and are given great length in a verti- 
cal direction to favor subsidence of solid matter. 

The apparatus is operated in this wise : Ordinary burned lime is 
thrown into tank a in sufficient quantity to fill the tank one-quarter 
or one-fifth 'full when in a slaked condition. The mine water is 
forced through the lime from any source of pressure through pipe v 
and recoil arms /, the water being injected into the lime from the 
outer ends of the arms/. The lime dissolves by virtue of the presence 
of the water, and commingles with the water to a point half-way up 
the tank, the lime taking up all the sulphurous acid, forming sul- 
phate of lime, and at the same time it takes up the carbonic acid, 
forming carbonate of lime. The sulphate and carbonate of lime 
being solids, they gradually subside or keep to the lower part of the 
tall tank a, permitting the pure waters to rise up between the solids 
-and finally emerge, it is claimed, as clear water at the top, where it 
is permitted to flow ofi* into a storage tank, A, through pipe i, which 
leads to the bottom of tank A, as shown, to prevent agitation of the 
surface of water in tank A, and to permit any further subsidence of 
solid matter that may come over in the tank by any undue agitation 
of water in tank a. The purified water i in tank h is drawn ofi^ by 
pipe I for steam or other purposes. The valve g permits the draw- 
ing ofl* of any fine sediment in said tank h. When in the course of a 
day or longer operation the lime in tank a becomes saturated with 
sulphurous acid, it is drawn ofi* by valve d and a fresh supply sub- 
stituted. The rejected sulphate of lime can be used for agricultural 
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purposes. The recoil arm /", when rotated by the action of the in- 
jected water, agitates the semi-fluid lime at the bottom of tank a, 
thus bringing new surfaces of lime in contact with the water. The 
same effect, in lees degree, is caused by bolting the recoil arms in a 
stationary manner by screws r, when the injected water through the 
bent arms / produces a rotative effect upon the semi-fluid lime, 
agitating and rotating the same, bringing new surfaces of lime io 
contact with the water, which greatly facilitates the action of the 
lime upon the acids in the water, and, it is claimed, causes a more com- 
plete utilization of the lime. 

Balya's Water Economizer, Purifier, and Heater. 

Rayla's device, ahowo in Figs. 8 to 11, is designed for use more 
especially in localities where well water or' very hard water is used 
for steam purposes. 

In many places, aa is well known, the water is so much impreg- 
nated with lime and other substances which are injurious to boilers 
that it is almost impossible for that reason to use steam power ; and in 
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other places the supply of water, whether hard or soft, is so limited as 
hardly to warrant the use of steam. Ealya claims that by his inven- 
tion he is enabled to overcome difficulties of almost any locality in 
regard to the impurities of the water from which steam is to be gen- 
erated, and much of the difficulty incident to a scanty supply. 

This inventor claims that by the use of his apparatus most of the 
water used is saved by condensation of the exhaust steam, and that 
the lime and other impurities are extracted from the water before it 
enters the boiler, and that the water is also highly heated before it 
is taken into the boiler, thus eflfecting a large saving in fuel. 

Fig. 8 is a vertical section of Ralya's apparatus, illustrating his 
invention as ad ipted for localities where there are no water- works or 
elevated supply of water, and where, consequently, the water has to 
be pumped up ; Fig. 9, a vertical section through the cylinder, the 
water-supply pipe, and the exhaust pipe ; and Figs. 10 and 11 are 
modifications. 

A is a tank, which may be supplied by pumping the water up from 
a well or from a»stream ; but such tank, of course, would not be 
needed where there is an elevated head of water at command, as in 
city water-works. 

This tank should, of course, be sufficiently elevated to insure the 
proper fall of water which is to enter the exhaust pipe of the steam 
engine without forcing it in. 

B and C are cisterns built in the ground, and may be made of 
brick and cemented with hydraulic cement, or of wood, or wood and 
iron, and of any suitable dimensions. The one, B, into which the 
steam is exhausted should be the larger of the two. 

The water from the tank (or other supply, as the case may be) is 
introduced into the exhaust pipe D, which leads from the engine to 
the cistern A, at a point as near as practicable to the cylinder D', 
and it enters it in the form of a spray, formed by a series of fine 
holes,/, made in the plugged or closed end of the supply pipe E, or 
in the side of the pipe itself, the end being plugged, the object being 
to jet or spread the water in every direction outward into the steam 
within the exhaust pipe, so that there may be a thorough interming- 
ling or incorporation of the water with the steam. This shower 
or spray of cold water accomplishes two objects — viz: first, it con- 
denses a large proportion of the exhaust steam ; and, secondly, it 
takes up the heat that is lost or parted with by the steam, and be- 
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comes veYy hot indeed. This condensed steam and heated water are 
then conducted by means of pipe D into the first cistern, B, and it 
is discharged downward therein upon the surface of the water in such 
cistern, thereby heating the entire body of water and continuously 
acting to increase or to keep up a high degree of heat in the water, 
and at the same time, by striking the top or surface of the water, 
still increasing and continuing the further condensation of the steam. 

The heating of the water sufficiently to cause a separation of all the 
impurities and a precipitation of the same can also be effected by 
simply letting the exhaust-pipe extend into the- side of the cistern, 
and allowing the steam and hot water to escape horizontally there- 
from, or by allowing this steam and hot water to escape upward or 
in any direction against a surface placed at right angles to the 
end of the exhaust pipe, or at any other angle that may accomplish 
the work of thoroughly intermingling steam and water, or by allow- 
ing the steam and water to escape upward or in any other direction 
into the mouth of a closed cap or bonnet, as shown in Fig. 11, and 
thus thoroughly intermingle the steam and water. 

Again, the first cistern alone may be used, and the water taken 
directly from this cistern to the boiler, the mouth of the suction-pipe 
extending into the water to a point sufficiently below the surface to 
avoid using any of the greasy surface, and also sufficiently above the 
bottom to escape pumping into the boiler any of the separated and 
precipitated impurities, such as lime, &c. ; and the filter can also be 
introduced into this first cistern. The inventor has used this method, 
but prefers the device in full, as shown in drawings. 

A cold-air inlet-pipe, gr, passing through the top of cistern or tank 
B, reaches down into the end of the exhaust-pipe D and terminates 
below its horizontal portion, but yet at a point above the outlet- 
mouth of such pipe D. The result of this construction is, that with 
the powerful exhaust of steam and water in the exhaust pipe, this 
<jold-air pipe g acts as a strong air-pump, and with great force sucks 
in cold air at every exhaust of the steam, and thereby condenses the 
steam still more. 

There is, as will be observed from the drawings, quite a consid- 
erable space between the water-line in the cistern B and the top of the 
cistern, and into this space inlets for cold air may be made for con- 
densing more of the steam, and there is shown for this purpose a 
large woorlen exhaust or vent stack H. This stack may be round or 
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square^ or of any other shape, bat must be large enough* to over- 
come any back pressure of steam in this cistern, and^ in fact, to cause 
a vacuum or suction by its strong draft, and this really assists the 
engine and increases the condensation. Without this large stack 
there would be back pressure. This stack H is provided also with a 
series of cold-air inlets, i i i, and the draft of this stack would (5au8e 
a constant current of cold air to enter the inlets, made as above 
named, into the top of the cistern. All of these points of condensa- 
tion combined condense nearly all of the exhaust steam, so that the 
water is used over and over again, and always hot, and of course, 
therefore, all the fresh impurities must come only from the small 
amount of new and impure water that is introduced to take the place 
of the actual loss. The inventor employs air-inlets m m, either in 
the top or in the sides of the cistern B, to admit air into the cistern 
above the water-line, and in some cases these mav be sucli that the 
inlets i i can be dispensed with. 

The main difficulty hitherto in using the exhaust steam for heat- 
ing water for the boiler has been that all the lubricants introduced 
into the cylinder have, of course, escaped into the tank with the ex- 
haust steam, and this grease destroys the boiler in almost as short a 
time as the impure water, and sometimes is even quicker in its 
action. 

It is also well known that the introduction of grease or oily sub- 
stances into a boiler causes the water to foam, so that the attendant 
is unable to know actually how much water is in the boiler. The 
gage-cocks may indicate plenty of water when really the water may 
be dangerously low, and many explosions are caused in this way. 

Ralya provides an overflow pipe, j, for running off this grease and 
acid from the surface of the water as often as it may be necessary, 
such pipe being located in the cistern wherever desind to perform 
this duty. 

A pipe, A, connects the two cisterns B and C, and it has an elbow 
or downward bend, and is so located in the cistern, below the water- 
line and above the bottom of the cistern, that it never draws water 
from the surface nor from the bottom, and consequently neither the 
grease nor acid, nor any sediment or precipitated lime, nor any other 
impurity at either the top or bottom of the water in cistern B passes 
over to cistern C; but they are left in B to be removed therefrom at 
any convenient time. 
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In the cistern C the inventor placed a filtering vessel or compart- 
ment, L, provided near its hottom with gravel and charcoal or other 
appropriate filtering material, arranged in alternate layers or other- 
wise properly disposed, and the pipe h leads into this filtering cham- 
ber L, the lower end of which does not reach quite to the bottom of 
the cistern, or else must be provided with a sufficient outlet or outlets, 
», to allow the filtered water to escape at the bottom into the cistern. 
This tends still further to purify the water before it is taken into the 
boiler. 

Appropriate stop-cocks may be used as desired on the pipes. 

The practical operation and results claimed for this apparatus are 
that the foulest water has its impurities extracted from it ; that it is 
heated to a high degree' in the cistern C, and after it has passed 
through the filter it is clear and pure. 

The sediment can be readily cleaned out of the cistern B when 
required. 

The apparatus, it is claimed, is economical of fuel, saving nearly 
one-half, and still more economical of water, saving nearly eighty 
per cent, of it; and the boiler is kept clean, as are also all the pipes 
and connections. The danger of explosions is materially lessened, 
which are so often due to overheating boilers when filled with scale. 
The life or durability of boilers is also lengthened by this invention^ 
and there is also a saving of money, and in the labor of repairing 
and firing the boilers and engine. Besides the advantages claimed 
above, the apparatus is simple and cheap, and has no complex or 
intricate mechanism, and requires no specially skilled attendant. 

Dervaux's Water Purifying Apparatus for Steam Boilers, 

The object of Dervaux's apparatus, shown in Pig. 12, is that the 
water in steam boilers may be purified while the boiler is in opera- 
tion, and this object is attained by combining with the boiler and 
feed-water apparatus a receptacle through which the boiler water is 
caused to circulate automatically and deposit therein the calcareous 
and other matters which it contains in suspension. 

Figure 12 illustrates a sectional view of Dervaux's apparatus ap- 
plied to the rear end of an ordinary steam boiler, G being the steam 
boiler and C C^ C^ the feed pipe, provided with acock, e, and through 
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which water is forced into the boiler by means of a pump, injector, 
or other feeding apparatus. 

The portions C and C of the feed pipe communicate with each 
other through a vessel, E, above the water level of the boiler, and 
through a pipe, B, and a vessel, D, belc»w the water level. Connec- 
tion is made between the portion C" of the feed pipe and the vessel 
E at A and between the portion C^ and the extreiie upper end of 
the vessel D at F, while the pipe B extends downward some distance 
into the vessel D, is preferably closed at its outer end, and is pro- 
vided with an elongated lateral slot or solts near its end. 

With the upper end of the vessel E communicates a pipe, V, the 
other end of which passes into the boiler, and is closed at its extreme 
end, but is provided with a lateral opening or openings extending 
between the highest and lowest points of the water level, the mean 
level being shown in the drawing. 

The pipe V is provided with a cock,/, and preferably, also, with 
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a check valve, S, opening in the direction of its arrow, while the 
inventor also prefers to make a direct connection between the pipes 
V and B through the pipe H. 

The feed water, entering at A into the condensing vessel E, is 
forced to fl«)w through the pipe B into the depositing vessel D, and 
thence through the feed pipe C^ C into the steam boiler. Before 
leaving the condensing vessel E, however, the feed water is brought 
into contact with the steam, which rises through the pipe V from the 
boiler into the vessel E, and the consequent condensation of this 
steam produces a vacuum in the pipe V, so that the water in the 
boiler is violently drawn toward the vessel E. From the continued 
condensation of the steam of this mixture by the feed water the 
boiler water is drawn up into the vessel E and pipe H, where it 
unites with the feed water, and thence returns to the boiler through 
the vessel D, in which it will deposit the calcareous matters it con- 
tained in suspension. These impurities will settle at the bottom ot 
the vessel D, and may be easily removed through the valved dis- 
charge-pipe R. 

The suction or condensing chamber E and the decanting or deposit- 
ing vessel D may be constructed in a variety of shapes, and may be 
combined so as to form a single vessel. 

The vessel D may be placed at a level above that of the boiler, and 
be combined with a filter if desired. 

An important point in the construction of the apparatus is to make 
the pipes V of the proper size, an 1 to arrange the suction and con- 
densing vessel E at a point sufficiently high, so that the feed water 
forced into this chamber shall condense as much steam, and conse- 
quently exhaust as much water from the boiler as possible. For the 
same purpose the suction pipe V is brought into direct communica- 
tion with the pipe B by means of the connection H. Thus a portion 
of the boiler water, while drawn up with the steam, will be directly 
discharged into the pipe B without passing through the condenser E. 

Instead of condensing the steam by bringing it into immediate 
contact with the feed water, the vessel E may be so constructed as to 
allow the steam to circulate on the external surface of the water 
chamber. The vessel E being, in this case, converted into a surface 
condenser, it will be advisable, in order to increase its heating sur- 
face, to make it multitubular, or in the form of a coil ; or the vessel 
E may be made with a large cooling surface, so that the cooling will 
result from the outer contact of the atmosphere. 
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The pipe V may be open at its lower end^ or the pipe may be 
arranged to extend laterally from the boiler, provided its opening 
extends between the highest and lowest water levels, so that the 
apparatus may operate, no matter how the water level may fluctuate. 
The pipe V may be provided with a test cock, N, in order to ascer- 
tain the condition of the water in the boiler. 

Dervaux's apparatus may be applied to one or more boilers. In 
the case of a range of boilers, a single condensing vessel, E, and a 
single depositing vessel, D, will suffice, and it will be sufficient to 
provide one main suction pipe, V, which has the requisite number of 
branch tubes, each, however, bein^ provided with a valve,/, so that 
each boiler may be purified separately. The apparatus may also be 
applied to automatic boiler feeders which are arranged above the 
boiler and connected with them through a steam pipe extending to 
the normal water level. These feeders being already partly adapted 
for the improvement, the inventor completes the apparatus by com- 
bining therewith a decanting or filtering vessel together with the 
necessary pipe connections and other devices, so as to assure the ex- 
traction of the calcareous matters from the boiler water. 

In some boiler systems it happens that the impurities precipitated 
by ebullition in the intensely heated portions of the generator do 
not remain suspended in the water, but will settle in the less heated 
lower portions, from whence it would be impossible to extract them 
by circulation. In such cases, according to the construction of the 
boiler, a number of partitions may be arranged so as to prevent any 
descending current which might tend to start up in the interior of 
the boiler. By this means the precipitated matter is retained in the 
intensely heated portions and maintained therein in suspension by 
the ebullition of the water. Where the feed water is liable to pro- 
duce incrustations, a disincrustant, such as carbonate of soda, may 
be used, by which the incrustations will be transformed into mud, 
so that it can be easily extracted from the liquid by this apparatus. 

Elliot's Apparatus for PmH/ying Water for Boilers, 

Elliot's invention, shown in Fig. 13, relates to an apparatus 
adapted to be placed in the interior of a boiler for the purpose of puri- 
fying the water previous to its use in the boiler. 

It consists of a closed cylindrical settler having a drip funnel open- 
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ing into the settler to receive the inflowing water, and an overflow 
through which the purified water escapes into the boiler. The settler 
has legs, which rest upon the tubes of the boiler, and the whole ap- 
paratus is placed above the water level in the boiler. 

The body of the settler may be made square as well as cylindrical. 

The water is introduced into the apparatus through a perforated 
spiral pipe at or near the top of the boiler, above the water line, and 
falls in a fine spray through the mouth of the flaring drip funnel into 
the settler, where it deposits its impurities. Such as are sufficiently 
heavy sink to the botton, while the lighter impurities float on the 
surface above the level of the interior opening of the overflow, which 
extends for some distance into the settler for this purpose. The puri- 
fied water then escapes by the exterior mouth of the overflow, which 
is on a lower level than the mouth of the drip funnel. The sediment 
is removed by means of a blow-off adapted to the settler. A check 
valve in the overflow closes that opening when the blow-off is opened, 
so that the steam is caused to enter at the drip funnel and effect a 
thorough cleansing of the settler by traversing it from end to end. 

It is necessary that the drip funnel should extend some little dis- 
tance into the settler, in order to secure the air space inside the 
settler into which the impurities may rise. It should not, however, 
extend as far into the settler as the overflow. By spraying the water 
previous to its introduction into the settler it is exposed to the high 
heat of the boiler, and the depositing of its sediment greatly assisted. 

In order to supply chemicals to the water in the settler, the inven- 
tor attaches a branch pipe to the feed pipe, through which the chem- 
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icals are forced by a force pump or other suitable means into the 
feed pipe, and thence carried to the settler. 

In Fig. 13, A is the boiler ; B the perforated spiral feed pipe ; C 
the drip funnel ; D the settler ; E the blow-off ; and F the overflow 
extending below the level of the water in the settler ; G is the check 
valve ; H H are the legs of the settler, resting on the tubes I I of the 
boiler ; K is the level of the water in the boiler ; L is the level of the 
water in the settler ; and M that of the sediment deposit. 

Previous to Elliot's invention we have known instances in which a 
branch pipe has been connected with the feed pipe of a boiler for the 
purpose of supplying matter to the water within the boiler to prevent 
the formation of scale in the interior of the boiler ; but this is the 
first case that has come under our observation in which any such feed 
system for chemicals has been used in combination with a settler 
within the boiler, wTierein the chemical action to purify the water 
takes place within the boiler, and thus secures the advantage of a 
high heat to precipitate the reaction, while the presence of the chem- 
ical is practically limited to the settler. Such would be the case 
where the chemical was added to hasten the deposit of the sediment. 

Butmans Filter and Heater for Steam Boilers, 

Butman's invention, shown in Figs. 14 to 17, relates to that class of 
heaters in which steam is introduced to raise the temperature of the 
feed water sufficiently to precipitate the matter held in suspension and 
to filter the same before introducing it into the boiler. 

There is an outer casing inclosing an inner casing having a filter- 
ing apparatus at its lower end, a scattering or diffusing pan in the 
upper end^ and connections to the boiler^ with other details of con- 
struction. 

It further consists in the combination of the^puter cylinder or ves- 
sel having an upper and lower open end and adapted to be closed by 
detachable heads, and having a scattering or diffusing ring, as here- 
after described, and arranged with an inner cylinder suspended or 
otherwise secured within the outer cylinder in such manner as to be 
readily removed for cleaning. 

In constructing the inner and upper cylinder, L, the inventor pre- 
fers to turn a flange outwardly, so that it can be secured between 
the flanges of the outer cylinder and its head. This cylinder L is 
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provided with a vertical slot in its side, which slips over the pipe A, 
so that when removed neither the joints of the pipe nor the diffusing 
ring is disturbed. The object of cj^inder L is to prevent the calcare- 
ous matter separated from the water by the heat from depositing itself 
upon the surface of the main cylinder. When feed water that changes 
its condition by change of temperature is used, and the sediment 
held in suspension will readily separate by such change, the filter D 
may be dispensed with. The inventor's object is to precipitate in 
the purifier the impalpable particles which the feed water contains. 
The device is intended to act in conjunction with the ordinary feed- 
water heater, but may be operated independent of the same, particu- 
larly when a condensing engine is employed. In such case the water 
is taken directly from the hot well and delivered to the purifier by 
either pump or injector. When the water coming in contact with 
the live steam of the boiler is brought to a high temperature, the 
greater part of the sediment is precipitated, and that which is still 
held in the water is prevented from entering the boiler by filtering. 
Fig. 14 is a view of Butman's device partly in section. Fig. 15 is 
a plain view of the scattering or diffusing plate. Fig. 16 is a view 
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of the bottom plate of the filter; and Fig. 17 is a detached view of 
the cylinder L, showing the elongated vertical slot. 

H is the outer cylinder or casing, having a cover on its top, to 
which is attached the pipe C, leading to the steam-space in the boiler. 
Inside of the casing, and near the top, is an inner cylinder having a 
perforated scattering pan, B, attached to the water-supply pipe A. 
This pipe is connected with any well-known heater^ or water is taken 
from the hot well of a condenser, by means of a pump, into the cylin- 
der H. The cylinder is furnished with a hand-hole plate, G, and 
also a blow-oiFpipe and cock, /?, for removing the sediment that col- 
lects in the bottom. 

Within the cylinder or water casing H is an inner cylinder some- 
what shorter than the outer one, and suspended thereto, about mid- 
way, by any well-known means. In the lower part of the inner 
cylinder is placed a filter, E. At the top of the cylinder D is the 
pipe F for connecting it with the water space of the boiler. The 
apparatus is set on legs or supports K, in such a position that the 
level of the water of the boiler will be a little above the inner cylin- 
der D. The space above the water line is filled with live steam at 
boiler pressure through the pipe C. 

The operation is as follows : The feed water being forced through 
the pipe A into an inner cylinder and on the pan B, escapes through 
the perforations in the pan, and falls down in a shower through the 
live steam, which raises the water to a higher temperature. Thence 
it slowly settles down to the bottom of cylinder H. The water then 
passes up through the filter E to pipe F, thence passes to the boiler ; 
but under some conditions the filter D may be dispensed with. The 
water passes from the purifier to the boiler by gravity, and, owing 
to the large area of the cylinder, the current of the water is slow, 
allowing the impurities to settle in the bottom of cylinder H, which 
are blown off" periodically, or removed through the hand hole covered 
by plate G. The filter may be separate and slipped into the end of 
the cylinder D. To clean the filter, the valve on the steam pipe C is 
closed and the blow-ofl^ valve h is opened, the pressure of steam in 
the boiler causing the water to be forced therefrom through the filter 
in an opposite direction to that in which it was fed to the boiler, 
thereby removing, if not all, a greater part of the impurities held by 
the filtering material which need not be renewed so often. 

The covering I is of any well-known material, and extends down 
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only to the bottom of the inner cylinder. The rest of the outer 
cylinder is exposed to the atmosphere in order to slightly reduce the 
temperature of the water, which causes the impurities to precipitate, 
and are blown off, as has been described. 



Strong's Feed-Water Pwijier and Heater. 

In addition to the feed-water heaters and purifiers which have been 
described there are others, such as the valuable Stillwell heater and 
lime-extracting filter, manufactured by the Stillwell & Bierce Man- 
ufacturing Company, of Dayton, 0. ; the Argall, Bourgeois, Berry- 
man, and the I, B. Davis, also Strong's heater and filter. 

The object of Strong's invention, ahowo in Figs. 18 to 20, is to re- 
move from water such impurities as carbonates of lime and magnesia 
and sulphate of lime, the water being thus rendered unobjectionable 
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for use as feed water for steam boilers. When water containing such 
salts as those above mentioned is subjected to a high temperature the 
salts are converted into insoluble particles, which are held in sus- 
pension in the water, and can therefore be separated therefrom while 
this temperature of the water is maintained. 

In carrying out his invention, therefore, Strong first heats the 
water to a temperature of about 250° F., thereby eifecting the con- 
version of the salts into insoluble particles, the water, while so heated, 
being then passed through a filter, by which the insoluble particles 
held in suspension in the water are retained. 

Fig. 18 shows a vertical section of Strong's feed-water purifier and 
Fig. 19 a perspective view of the same. 

In Fig. 18, A is the cylindrical shell or casing of the heater, and 
to the upper end of this casing is secured the detachable cover A', 
the lower end being secured to the base, to the peculiar construction 
of which one of Strong's improvements relates. The base consists of 
a hollow cylinder, A", the three partitions B, D, and D', and the 
central tube d! ; the whole being cast in one piece, form a substantial 
base for the entire structure, and inclose the inlet chamber Band outlet 
chamber F. 

Exhaust steam is admitted to chamber E through the pipe a, and 
after making the circuit through the exhaust steam-heated pipes d, is 
discharged from the chamber F through the pipe 6. 

The central tubec?' constitutes theblow-ofi^ passage, which extends 
through the whole of the partitions in the base, and forms a commu- 
nication between the heating chamber and the blow-oflf pipe rf", i\\\^ 
passage and pipe having no communication with either of the cham- 
bers E or F. . 

At the upper portion of the casing or shell of the heater is a mass, 
G, of filtering material — charcoal, for instance — which is confined 
between the upper perforated plate m and lower perforated plate n, 
A central rod, gr, passes through both plates and through the filter- 
ing material, and has at the upper end an eye, to which, after the 
cover A' has been removed, suitable hoisting tackle may be attached 
when the perforated plates have to be removed from the casing A 
with the filtering material, for the purpose of cleansing or renewing 
the latter. 

A series of vertical tubes, w^ pass through and are secured to the 
partition B of the base and communicate with the chamber E, and 
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each of these tubes contains a smtiller tube, X, the lower end of which 

is secured to the partition D and communicates with the chamber P. 



The manner in which each external tube w is closed at the top and 
made to communicate with its internal tube is shown in Fig. 20, 
where h represents a cap screwed onto the external tube, and having 
a ceutral tubular projection fitted into the internal tube and slotted 
or perforated at intervals, so as to form communications between the 
two tubes. 

In a former method of constructing this heater Mr. Strong allowed 
the vertical tubes w to pass through the plates m and n and through 
the filtering material ; hut in the present improvement there is a 
space within the casing, between the lower perforated plate of the 
filter and the tops of the tubes, and in this space is the coil /, to 
which live steam is admitted at A and permitted to escape at i. This 
is an important feature of the invention, for the steam-heated coil in- 
creases the temperature of the water below the filter, and thereby re- 
duces the water to the best condition for yielding to the action of the 
filtering medium. 

The exhaust steam admitted to the chamber E must pass upward 
through the annular space between each outer tube and inner tube, 
and return through the latter, before it can reach the outlet chamber 
F, and hence a temperature nearly equal to that of the exhaust steam 
must be imparted to the water in the heater. 

A pipe, H, extends from the upper end of the cover A' to the 
chest I of an injector, feed water under pressure being discharged 
into this chest through a nozzle, K, and thence through the throat 
of the injector into the heater at a point a short distance above the 
partition B. The efiect of this is two-fold: first, the introduction 
of the desired feed water into the heater through the pipe a'; and, 
second, an induced circulation of water from the top of the heater 
to the bottom of the chamber in which the series of coils w are 
placed. The water being heated by contact with the tubes w and 
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the coil / before it reaches the filter, the foreign matter held in sus- 
pension is thus disintegrated. The pipe 6', which serves to convey 
the hot water from the heater to the boiler, terminates in the steam 
space of the latter, and the passage through the pipe is unobstucted 
by check valves, so that when it is desired to clean the filter G of the 
heater the valve of the blow-oflF pipe d!' is opened and live steam 
allowed to pass from the boiler through the pipe V and into and 
through the heater, the filter G being thus more effectually cleansed 
than by causing a bagkward flow of water through the same. 

This apparatus is not absolutely necessary to the carrying out of 
Mr. Strong's invention, as various plans may be resorted to for rais- 
ing the temperature of the water to the necessary degree before 
filtration, or in some cases a chamber in which the impurities can 
settle may take the place of filtration, as a means of separating from 
the heated water the insoluble particles held in suspension therein. 
But filtration is preferable with this heater, however, for obvious 
reasons. 

In order to prevent the otherwise possible formation of scale, the 
means employed for heating the water should be such that the 
metallic surfaces will not be heated to a much higher temperature 
than the water. 

A lower temperature than 250° F. — in fact, a temperature not 
much above the boiling point — is suflScient to convert the carbonates 
into insoluble particles; but the thorough conversion of all of the 
sulphate of lime held in solution by the water requires a tempera- 
ture of about 300°. Chemically pure water, however, is so very 
seldom required, especially for such purposes as feed water, &c., that 
this extreme temperature will not generally be necessary ; and Mr. 
Strong states that he has found in practice that a temperature of 
about 250° F. renders insoluble so much of the sulphate of lime 
present in the water that the quantity remaining in solution is not 
practically objectionable. 

Strong' 8 feed-water heater for locomotives consists, as usual, of an 
upright cylindrical vessel with a dome top, and it is located in the 
rear end of the fuel space of the tender. The heater has at the bottom 
a steam chamber, E, which communicates with the vertical heating 
pipes rf, and above the latter are the live steam coils/, and the filter- 
ing material G, as shown in Fig. 18. 

The exhaust nozzles of the locomotive have curved internal parti- 



PURIFYING WATER FOR STEAM BOILERS. 69 

tions, which serve to trap a portion of the escaping steam and direct 
it to pipes on the opposite side of the locomotive, these pipes 
being connected by suitable flexible couplings to pipes on the tender, 
and the latter pipes communicate with the steam chamber E of the 
heater, so that when the locomotive is in motion a constant supply 
of exhaust steam is introduced into the heater. 

The blow-off pipe from the safety valve communicates with one of 
the pipes on the locomotive to which the flexible couplings are at- 
tached and Reading to pipes on the tender, by means of a valve chest 
having a cylindrical valve and a suitable port. The tender carries 
a pump of which the discharge pipe terminates in a nozzle within a 
chest, which communicates with the interior of the heater and with a 
circulation pipe. 

Live steam is conveyed to the heater through a pipe^ A, and after 
circulating through the coils/, escapes through the pipe i. See Figs. 
18 and 19. 

Strong's feed-waler heater for locomotives overcomes the objections 
arising from passing exhaust steam through the water in the tank of 
a locomotive tender for the purpose of heating the water prior to 
pumping it into the boiler, for when the water is heated by the latter 
method to a comparatively high temperature it is difficult to pump 
the water or convey it to the boiler by an injector. But with Strong's 
heater the pump acts upon the water before it is heated, and the 
feed water being maintained in the heater at boiling pressure, it will 
readily flow from the heater into the boiler when communication 
between the two is established. The additional advantages arising 
from the use of this heater on locomotives are the removal of most 
of the incrustating ingredients from the water, and in the economy 
of fuel. 

Filters for Marine Boilers. 

Feed-water filters have sometimes been fitted to United States 
naval boilers using high pressure of steam ; in some cases they con- 
sist of a tank divided by screens into compartments, which contain 
substances for filtering the water or neutralizing fatty acids con- 
tained in it. 

In Selden's filter the water as it comes from the hot well enters at 
the top of a tank and from thence passes through a vertical partition 
formed by wire screens encasing a sheet of Burlap cloth, which par- 
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tition is placed in an upper compartment filled with coke, the plate 
forming the bottom of the compartment being perforated at one end 
with a number of holes, thus allowing the water to pass into the 
lower compartment, which is filled with sponge. Near the opposite 
side of the tank there are an equal number of holes in the bottom 
plate of the lower compartment, through which the water flows into 
the channel-way, where it is taken up by the feed pump. The com- 
partments are provided with doors, through which the screens and 
filtering material may be removed, for the purpose of cleaning or re- 
newing them. 



CHAPTER IV. 



Anti-Incrustation Compounds. 

Section I.— General Remarks. 

The addition of decomposing or anti-incrustation agents, by intro- 
ducing the same into the boiler, usually so increase the density of the 
water as not only to raise the boiling point to a higher temperature 
for any given pressure, but, in fact, commonly add to the evil they 
are designed to remove, by increasing the quantity of solid matter in 
the boiler, which consequently augments the amount of precipitable 
matter, and necessitates more frequent discharges of water from the 
boiler to keep the water at any given density. They also increase the 
liability of the water in the boiler to foam or froth over. ' 

All sorts of compoj^ions have been tried for preventing incrusta- 
tion in boilers, but the majority are very costly and the benefit de- 
rived from them is not usually equal to the outlay, and it takes quite as 
much time to clean the boilers out when compositions are constantly 
used as otherwise. Some compounds in:;rease corrosion while they 
prevent incrustation, and from the use of others practical diflSculties 
arise which render their use inconvenient and dangerous. There are a 
large number of compounds for loosening and facilitating the removal 
of incrustation after it has formed ; but there is probably no compo- 
sition that will, with all waters, entirely prevent its formation. It 
is well known that a number of compositions that have been com- 
plete failures with some waters have yielded much better results with 
others. There can be no question that river, well, and spring waters 
greatly vary in different localities, and the remedy cannqt, therefore, 
be constant. 

If boiler compositions are used at all, care must be observed that 
they do not affect the metal of the boilers, and they must also m6et 
the impurities and chemical properties of the water to which they are 
applied. 

The unsatisfactory results obtained by boiler compositious are, to 
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a great extent, carelessly multiplied owing to the lack of discrimina- 
tion with which they are; used. 

In the usual way possibly a rough guess, but more probably not 
even the trouble to make a guess, is taken, as to the constitution of 
the water used, the boiler composition being ordered blindly and 
recklessly without reference to its nature or that of the water. 

In addition to fixed mechanical and electrical devices, the follow- 
ing are some of the materials which have been placed in steam boilers 
to retain the mineral particles in suspension, or to prevent their ad- 
herence to the interior of the boiler : 



Acids — 

acetic. 

hydrochloric. 

muriatic. 

nitric. 

oxalic. 

sulphuric. 
Alcohol. 
Alkalies. 
Alum. 

'Ammoniacal salts. 
Animal fats — 

marrow, etc. 
Antimony. 
Arsenical salts. 
Ashes, 

Barks in great variety, ground. 
B.irley-sprouts, malted. 
Baryta. 
Beeswax. 
Black-lead. 
Bone-black. 
Bones, ground. 
Borax. 
Bran. 

Broom-corn. 
Burgundj'-pitch. 
Camphor. 
Carbon. 

Carbonates, in variety. 
Caustic alkalies. 
Cedar bark, extract of. 
Charcoal, wood and animal. 
Chestnuts coarsely pulverized. 
ChlorWes in variety. 



Cider. 

Clay. 

Coal-tar. 

Coffee-beans, roasted and ground. 

Copper, salts of. 

Copper scraps. 

Copperas. 

Cream of tartar. 

Creosote. 

Cutch. 

Decoctions of bark. 

Dextrine. 

Divi-divi. 

Earthenware, broken. 

Eggs, whites of. 

Eucalyptus, decoctions of. 

Fatty oils. 

Felt.* 

Fibrous materials. 

Flaxseed . 

Fruit. 

Gambler. 

Gas-tar. 

Glass, broken. 

Glue. 

Glycerine. 

Grapliite. 

Grasses in variety, fresh and decayed. 

Gravel. 

Gums in variety. 

Hay. 

Honey. 

Horns, internal portions of. 

Hydrocarbons. 

Iron, salts of. 
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Iron scraps. 

Isinglass. 

Kerosene. 

Lamp-black. 

Lacquers. 

Lead, salts of. 

Leather scraps. 

Leaves in variety. 

Lime, milk of, and caustic. 

Lime-paint. 

Lime-water. 

Linseed cake. 

Linseed oil. 

Logwood. 

Lye, concentrated. 

Malt. 

Manure. 

Meal 

Metal, in strips or scraps. 

Molasses. 

Moss. Irish and other. 

Mucilage. 

Muriates, in variety. 

Nut-galls. 

Ochre. 

Oils, in variety. 

Oxalates, in variety. 

Oxides, in variety. 

Paints, in variety. 

Paper, waste of. 

Paratfine. 

Peat. 

Petroleum — 

crude. 

tar. 
Phenol. 

Phosphates, in variety. 
Pitch. 

Plants of various kinds. 
Plumbago. 

Pomegrate shells, dried. 
Porcelain, broken. 

Potash. 

Potatoes. 

Potato-starch. 

Quicksilver. 

Besins. 

Roots. 



Sal-ammoniac. 

Salt, common. 

Saltpetre. 

Sand. 

Saponavia. 

Sawdust of various woods. 

Shells, ground. 

Shot. 

Slippery-elm. 

Soap. 

Soapstone. 

Soda- 
carbonate of. 
caustic. 

hyposulphite of. 
oxalate of. 
arseniate of. 
tannate of 

Soda-ash. 

Soot. 

Sponge. 

Starch. 

Stones. 

Sugar. 

Sulphates, in variety. 

Sulphur. 

Sumac. 

Tallow. 

Tan-bark, ground. 

Tan. spent. 

Tanners' scraps. 

Tannin. 

Tar. 

Terra-japonica. 

Tin, salts of. 

Tobacco. 

Turf. 

Turmeric. 

Urine. 

Valonia. 

Varnishes. 

Vegetable dyes. 

Vinegar. 
Voltaic devices. 

White-lead. 

Wood-flber. 

Zinc. 
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Some of the substances intended for the prevention of incrustation 
effect a chemical reaction, others act by a mechanical process, while 
others, such as oak sawdust, act both chemically and mechanically 
to prevent incrustation ; the tannic acid which it contains forms tan- 
nates of lime and magnesia by the decomposition of the carbonates, 
and these tannates, on account of theirlow specific gravity, float about 
the water without forming any incrustation. The sulphates and 
chlorides are prevented from agglutinating into a crust by the me- 
chanical action of the sawdust. Such anti-incrustation remedies as 
oil-cake, potatoes, and other starchy matter, glue, offal of hoofs and 
horns, tobacco-juice, Irish moss, peat, tow, hemp, &c., envelope the 
particles of lime and deposit them in the form of sludge ; but such 
remedies, when introduced into boilers, always produce frothing and 
cause the water to foam badly. 

Clay also precipitates the lime salts in the above manner, but 
cylinders, pistons, and valve faces are injured by the gritty particles 
of sand contained in it, and which are carried over by the steam. 
Tannic acid does not act upon sulphates and chlorides, and they will 
incrustate notwithstanding its presence in the boiler ; neither is sul- 
phate of lime altered by acetic acid, the action of the latter acid 
being to convert the carbonates into soluble acetates ; but both of 
these acids attack the iron, and their presence in a boiler is dangerous. 

Both tannic and acetic acid may be employed to purify water in 
tanks, provided, before the water is fed into the boiler, the excess of 
acid is neutralized by carbonate of soda. Sal-ammoniac does not 
affect sulphate of lime, its action being to convert the carbonate of 
lime and magnesia into chlorides, their carbonic acid passing to the 
ammonium and resulting in carbonate of ammonia, which mingles 
with the steam. 

The injurious effects of sal-ammoniac on brass cocks and packings 
make its employment in boilers very undesirable. Carbonate of soda 
has, as a rule, given greater satisfaction in loosening old incrusta- 
tions, and retarding the formation of new scale in stationary boilers, 
than any other material ; but in locomotives it does not answer so 
well, as it causes the water to boil rapidly and thus to prime. In 
addition to being cheap and harmless in stationary boilers, having 
no injurious action upon the iron, unless the soda itself is impure and 
contains acids, it possesses the unusual advantage of rendering several 
services to the feed water at one and the s^me time, as it notonly decom- 
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poses sulphate of lime and neutralizes any free carbonic acid present 
in the water, but carbonate of soda also causes the saponification 
of any greasy matter possibly present, the injurious efiects of which 
before being saponified cannot be doubted. The result of the use 
of soda is to throw down in the form of sludge the materials which 
go to form the scale, the boiler being ** blown out*' frequently to re- 
move the sediment. 

A scumming apparatus, such as the Hotchkias or an ordinary sur- 
face blow-out, have been found to be beneficial when soda has been 
used with greasy water. 

It is not always easv to determine the amount of soda necessary to 
decompose all the sulphates of lime in feed water, and the proper 
quantity is best found by experience. In order to obtain the best 
results from the use of soda it should be dissolved and introduced 
with the feed water in small regular doses, rather than in large and 
infrequent quantities. The precaution necessary to be observed in the 
use of soda is to avoid an excess, which would act injuriously on the 
engine packing. Carbonate of soda is preferable to soda-ash, but is 
more expensive, the difference not being so great as at first sight it 
might appear on account of a larger quantity of soda-ash, which is 
impure carbonate of soda, being required, and then again it is less 
effective than carbonate of soda. 

It is easy to understand that the reaction between the soda and the 
sulphate in the water takes place by the two salts exchanging their 
acids, and resulting in the formation of sulphate of soda and carbon- 
ate of lime, the first of which is very soluble, and the latter, being 
absent from carbonic acid in excess, is insoluble, and in precipitating 
does not form a stone-like incrustation. 

The same result, i. e., the precipitation of lime salts, is produced 
by the reaction on the bicarbonate of lime contained in the feed 
water. The carbonate of lime is rapidly precipitated by the soda 
salt seizing upon the carbonic acid in excess. But the heat again 
sets free the carbonic acid taken up by the alkaline carbonate, and 
the soda being then in its pristine state, acts again as before, and this 
probably is an explanation why a large quantity of water is acted 
upon so effectively by a very small quantity of soda. 

The carbonate of lime, after settling, which it quickly does in the 
quietest part of the boiler, remains for the most part as a sludge 
that can be easily washed out, as has already been stated. Before 
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settling, this precipitate, in consequence of its minute division, is 
carried by the agitation of the water to the surface, and remains for 
a time as a scum, although the specific gravity of the solid carbonate 
is about 2.7. For the above reason, when lime salts are present in 
any considerable quantity, the use of soda should always be accom- 
panied by frequent and regular blowing-out, to prevent foaming and 
the overheating that is liable to take place from the thickening of 
the water, or from the settling of a larg^ quantity of deposit on the 
furnace plates when the water is allowed to become quiet, as at meal 
times. 

The plan of drawing the fire at the end of the time on Saturdays 
and at once blowing off all water and steam from boilers is not a 
good one, and it should not be practiced. 

As soon as the boiler is empty, the plates and brick work, being 
still hot enough, bake the sludge into a hard incrustation along with 
the sulphate of lime usually found with it, which otherwise would 
be quite soft and more easily removed. 

It is simply a question of time, when the shell of a boiler is con- 
stantly rapidly cooled, as to when it will crack. 

It is not an uncommon thing for some engineers, who ought to 
know better, to draw their fires, and in a few minutes afterward 
*^blow out*' the boiler, and as soon as empty fill at once with cold 
water, in order to ^^cool them quickly,*' but the practice is unsafe. 
No wonder they find a cracked sheet occasionally, and find it neces- 
sary to put on a patch. 

The best plan is to draw the fires after the work is done, close 
damper and ash-pit doors, also fire doors, and let everything remain 
until morning The water can then be allowed to run out of the 
boiler, the manheads can then be knocked in, and a few spurts of 
pump or hydrant hose will allow one to go inside and brush out the 
loose scale and examine the interior. In following this plan, the 
incrustation will be found to be much softer and more readily 
removed, and five minutes' use of the hose will wash out all the soft 
mud that may remain on the bottom and sides of the boiler. The 
boiler by this plan of allowing the steam to condense over night will 
cool slowly, and will be less likely to crack the sheets. 

Another plan and composition is to take for every ten horse-power 
two gallons of oak-bark tan liquor, one quart of common molasses, 
and two ounces of bicarbonate of soda, and after mixing, the com- 
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pound •is poured in while the boiler is empty, and then ten or twelve 
pounds of steam is raised, the boiler is then allowed to cool down, 
the manheads removed and the scale cleaned out. We have seen this 
method used on a large number of foul boilers, both land and marine, 
with excellent results. 

^^ When it is intended to scale a boiler it should be entered as soon 
as it has sufficiently cooled off, for the scale can be removed more 
readily while it is still damp than when dry. When there is 
only a thin scale in marine boilers, such as has been described on 
page 38, it should not, of course, be disturbed. 

'* The scale on the plates is chipped off with scaling-hammers or 
wedged off with scaling-bars, but the chipping must be carefully 
done, and all indentations in the surface of the iron and injury to the 
rivet-heads should be avoided, and therefore the tools should not be 
ground to a sharp edge, as all indentations in the iron make it more 
liable to be attacked by corrosion. 

'^ The plates between the rivet-heads, at the edges of laps, and 
around the crow-feet, or the heels of braces, should have the scale 
removed most thoroughly. , 

'* Sometimes the vertical spaces between the tubes can be freed by 
running a scaling-bar through them ; but when the accumulation of 
scale on the tubes becomes excessive a sufficient number should be 
removed to make the remaining tubes accessible. The braces should 
have the loose scale knocked from them ; the mud and rust must be 
thoroughly scraped from the shell of the boiler in the water and 
steam spaces, special precaution being observed that none of the ma- 
terial lodges between the tubes or on the furnace crowns. The dirt 
is then raked with small hoes out of the bottom of the boiler. 

*^ Finally, the boiler is to be thoroughly washed out, which can 
be done by means of a hose connected to a force-pump, by directing 
a heav^ stream of water at every portion of the interior of the boiler, 
especially at such parts as are not accessible for scraping. 

''By this means much loose scale and mud will be washed down. 
Commence 'the washing' out in the steam space, directing the jet 
of water especially into the steam drum and into the water spaces 
around the back connections. Then take the hose in succession to 
each manhole over the furnace crowns, and finally^, into the mud 
boles at the bottom. During the operation of cleaning marine 
boilers a slight list is given to the vessel, so that the water will 
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naturally flow to the front of the boilers, carrying the dirt along with 
it, and the fire-room floor-plates in front of the boilers are removed 
to allow the water to run directly into the bilge of the vessel. 

'•After the boilers have been washed out and all the water removed 
from the bottom by raking and swabbing, the boiler must be kept 
open till it is perfectly dry in every part. Pans with burning charcoal 
may be placed in the furnaces and connections to dry the boiler 
more rapidly." 

Sometimes the inside of boilers is washed with a mixture of grease 
taken from the shaft bearings and oil of tar from the gas works, 
which renders the scale more easily removable, though it does not 
prevent its accumulation. Much care is necessary in the use of grease, 
as explosions have been caused by the accumulation of greasy matter 
in boilers, overheating of the plates having been caused thereby. It 
has been found that the use of tallow prevents priming in low pres- 
sure marine boilers, but increases it in locomotive boilers, and the 
explanation probably is that in low pressure marine boilers, where 
the water is salt, the salt spreads on the surface and causes priming, 
but a little tallow prevents the salt from spreading, and thus stops 
priming. In land boilers of course no one uses salt water. 

''It has generally been supposed that a deposit in a soft state caused 
little or no injury to a boiler, but the contrary is true. The impal-. 
pable powder found in a boiler, when empty and dry, often is mainly 
carbonate of lime, and on account of its lightness it is long held in 
suspension. When the water, from constant evaporation and little 
or no blowing, is rendered unfit for generating steam on account of 
the resistance oflered to the free convection of heat, a deposit of slush 
or sludge collects on the bottom, around the seams, and in fire-box 
boilers around the furnace sheets and in the water legs. Its pres- 
ence is detected by leakage at the seams, fractures at the edge of the 
plates, and in the line of rivets, and by overheating and conseq^uent 
depressions of portions of the plates where it rests. 

" This difficulty is greatly aggravated if grease finds its way into 
the boilers ; the grease appears to combine mechanically with the 
carbonate of lime, and sinks on the plates when the boilers are at 
rest. It becomes a loose, spongy mass, which is not carried off by 
the circulation, but, by its contact with the plates, causes overheat- 
ing and burning." 

There often are made wholesome recommendations of the use of oil 
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in boilers for the purpose of removing and preventing the formation 
of scale ; but it is very evident from the above that those who make 
such representations possess but little knowledge of the different qual- 
ities of oil, for most oils, especially those employed for lubricants, 
are very damaging when they are put inside of steam boilers. Many 
of the oils used on engines for instance are compound oil, that is, they 
are a mixture of earth or rock oil, tallow, resin, whale oil, plumbago, 
fish oil, beeswax, &c., the latter substances being mixed with the rock 
oil to give it body. The volatile portions of course quickly pass 
off with the steam and do but little harm. The more solid portions 
and grease, however, are left behind, and by keeping the water from 
contact with the iron of the flues and lower portion of the shell of the 
boiler, the tubes thereby become distorted and leak around the ends, 
and the fire-plates bag down and greatly weaken the riveted joints. 

Crude petroleum may often be used to loosen the incrustation in 
steam boilers, and on this point we shall have more to say in Section II 
of this chapter, where is given an account of Allen's process for em- 
ploying crude petroleum. 

Section II.— BuasY's, Auer's, Temple's, Spannaqel's, Gansz and Lavo's, 
Thomas', Hauxhurst's, Allen's, Fisher's, Pitts', Clegg's, Hol- 
DEN's, Taylor's, Heimann's, Wishart's, North's, and Bacon and 
Queen's Compounds and Processes for Softening, Removing, and 
Preventing the Incrustation of Steam Boilers. 

Buzby*8 Compound. 

Buzby claims that if about five pounds of bark from the sweet gum 
tree be made into a decoction by boiling in water and ten pounds of 
gambler be added to it, and the whole boiled until the gambler is 
dissolved, that the compound will, if introduced into a boiler, loosen 
the scale, and that if its use be continued the formation of new scale 
will be prevented. The quantity per horse-power to be employed is 
not stated. 

Auers Compound, 

Auer claims the following compound to loosen and remove the in- 
crustation from a 10-horse power boiler : 

Gum catechue J lb. 

Common salt 3 lbs. 

Saltpetre Jib. 

Flaxseed, ground 1 lb. 
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The whole to be finely and thoroughly pulverized and mixed to- 
gether in a uniform mass. 

The dry mixture may be thrown into the boiler any time when 
the steam is not up, or, if preferred to apply the mixture in a fluid 
state, a suflScient quantity of water may be added. 

It is claimed that this mixture loosens and softens the scale or in- 
crustation, so that it may be readily blown out with the steam. 

The proportions of the ingredients are of course increased in accord- 
ance with the size of the boiler. 

Temple' 8 Compound. 

Temple claims that the following composition is effectual for the 
removal and prevention of incrustation in steam boilers : 13 pounds 
of the ordinary terra japonica of commerce being placed in a suitable 
vessel with water, the whole is brought to a boiling heat until the 
terra japonica is dissolved. The mixture is then strained while 
hot. Then dissolve 3 pounds of statice root or marsh rosemary in 
water, and boil and strain it in the same manner as the terra 
japonica. The composition presents the consistency of a sirup. The 
quantity to be applied per horse-power is not stated. 

SpannageL's Compound. 

Spannagel claims that the use of the following composition will, if 
used with the water before it enters the steam boiler, clear it of in- 
crustating ingredients : 

Proto chloride of iron 30 parts. 

Murias stoutia 30 " 

Barita murias 16 *' 

Acetate of protoxide of iron 15 " 

Terra japonica 5 " 

Ammoniac murias 3 " 

Brown sugar 2 " 

The water, before it is supplied with this composition, is brought 
into a reservoir where the compound, first having been finely pul- 
verized, is added at the rate of 1 pound for as much water as will be 
required for an engine of 100 horse-power during the time of twelve 
hours. 
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Gansz and Lavo's Compound, 

Qansz and Lavo claim that the following compound will remove 
old incrustations from boilers : 

Chloride of iron 10 lbs. 

Chloride of barium 5 lbs. 

Sal ammoniac lib. 

Rectified 8U£far 4 lbs. 

Concentrated lye 4 lbs. 

When the compound is prepared it is well mixed and kept from 
the air, as it is exceedingly volatile. About 1 pound of the mixture 
is each morning put into the cold-water reservoir or heater for every 
500 gallons of water used in a steam boiler. 

Thomas' Compound. 

Thomas* for removing and preventing the formation of incrusta- 
tion in steam boilers, claims that a compound in the proportion of 1 
pound of extract of hemlock bark and 2 pounds of corn meal is effec- 
tual. He mixes the ingredients either by grinding them together or 
by reducing the extract of hemlock bark to a fine powder, and strain- 
ing it with the corn meal, or the extract may be used in a liquid 
state and mixed with the corn meal, so as to form a paste, which 
can be conveniently introduced into the steam boiler, or, if desired, 
each of the ingredients may be introduced separately. 

HauxhursVs Method of Preventing the Incrustation of Marine Boilers. 

Hauxburst claims that the use of lime water will prevent the rapid 
destruction of boiler tubes in sea-going steamers using surface con- 
densers. 

The lime water may be introduced at intervals, as required, or it 
may be continuously, in small quantity, by mechanism provided for 
that purpose ; or it is perhaps preferable to use a globe cock similar 
to the common globe talon-cock used on steam engines. 

One pound of lime per day of twenty-four hours for each 150 horse- 
power developed in usual practice^ is stated to be a fair criterion for 
the engineer to gauge the quantity to use, taking care to use too 
much rather than too little. 
6 
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Allen's Process, 

Allen's process for softening and removing incrustation consists in 
introducing a quantity of crude petroleum into the boiler by pour- 
ing it through the safety-valve or any available opening after the 
water has been blown off and the boiler cooled. As the water flows 
into the boiler the petroleum rises with it, and is brought in contact 
with the entire inner surface of the shell. ^ When the water has 
reached the desired altitude the fire may be applied and steam raised 
as usual. 

The petroleum may be applied in different ways ; for instance, the 
interior of an empty boiler may be washed over with the material, or 
a coating of paraffine may be applied prior to the introduction of 
water. The quantity of petroleum to be used depends upon the con- 
dition of the boiler. Refined oils may be used or any of the hydro- 
carbons or mineral oils, whether they be obtained from wells or by 
the distillation of bituminous coal, shale, &c. 

Fisher's Process. 

Fisher's process consists in covering the bottom of the boiler with 
quicksilver. Thus by interposing a liquid metallic medium between 
the water and heated surface, he claims that incrustation will be pre- 
vented not only at the point covered by the liquid, but that the en- 
tire interior surface will be kept clean and free. 

PiWs Compound, 

Pitt's compound may be prepared as follows : Take of leather 
scraps or cuttings 3 pounds, by weight, caustic soda one-fourth 



1 Hard scale may be often removed in this way which it would be difficult to clean out of the 
boiler by any other process. Crude petroleum is volatile, and the amount of residuum which 
would result from the quantity used in a boiler for such purposes would be so small as to be 
harmless. But the indiscriminate use of crude petroleum is, however, not advisable, for if 
the water contains organic matter, or is liable to be muddy, there are other purgers which 
will be better. Crude petroleum is most effective for hard lime scale. By introducing the 
oil cold in the manner above described, it washes the incrustation as it rises with the water, 
and by penetrating and rotting the scale it finally works its way between the incrustation and 
iron of the boiler, thus detaching it in the same manner that it does when petroleum is used 
to aid in removing a nut from a rusted bolt, the rust or oxide being dissolved by it without 
injuring the iron. 
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of a pouad, and add thereto 1 gallon of water ; boil the whole in a 
suitable vessel, say of copper, until the leather scraps are thoroughly 
dissolved ; then add to the solution one-quarter of a pound of glue, 
gelatine, or isinglass, that has been previously steeped in cold water 
for a space of twenty-four hours, and incorporate the several ingre- 
dients well together ; the mixture being introduced into the water 
of a boiler, in any suitable quantity. (See the next compound.) 

Cryer and Norris' Compound. 

Cryer and Norris' compound, whfch is an improvement on the 
one above described, patented by Pitts, consists in a preparation of 
prepared leather scraps with caustic or hydrate of soda, the leather 
jBcraps being first submitted to a preliminary treatment by which 
they are freed from all such extraneous matter as grease and oiU 

The great objection to Pitts' compound is that the soda liberates 
from the leather the oil, grease, &c., with which it has been origi- 
nally dressed, and forms with it a saponaceous compound, which 
causes the water in a boiler to foam, so as to greatly interfere with 
or stop its proper action. 

Cryer and Norris contemplate the preliminary treatment of leather 
scraps with naphtha or other volatile oil or substance, by which all 
the oil and grease is removed from the leather, then drying it to re- 
move all the volatile oil, and lastly, boiling the leather scraps in. 
caustic soda until dissolved, and the addition of a sufficient quantity 
of water. 

In carrying out their process they take the required quantity of 
leather scraps to make the proper proportion of the compound and 
steep them in naphtha or other suitable hydrocarbon, or volatile oil 
or substance, which will remove from them all grease and oil which 
may be in them. After this is accomplished the leather scraps are 
removed from the liquid, and spread in a suitable place to dry ; after 
the leather scraps are dry or freed from the volatile oil they are 
placed in a solution of caustic soda or hydrate of soda and boiled un~ 
til dissolved. Various proportions of the substance named may be- 
used ; but 1 pound of the prepared leather scraps to 2 ounces of 
hydrate or caustic soda and 1 gallon of water it is claimed will pro- 
duce a compound which gives very satisfactory results. 

In some cases tan-bark is treated by boiling with hydrate or cans- 
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tic soda and the resulting liquid added to the compound ; but this is 
not absolutely necessary, although for some purposes it is claimed 
that it improves the compound. 

Clegg^s Compound, 

Clegg patented the following compound for removing the scale 
and other deposit from steam boilers ; it is mixed with the water in 
the boiler, and consists in a mixture of 10 parts of bone black, 7 
parts of sulphate of copper, 60 parts of soda-ash, and 23 parts of 
black oak bark. To prepare \^\e compound, take the ingredients 
separately, and, after reducing them to impalpable powder, mix 
them thoroughly together with or without the addition of a small 
•quantity of water. The compound is now ready for use, and may be 
mixed with the feed water or introduced directly into the boiler. The 
eflfect claimed for this compound is that it loosens and detaches the 
«cale from the boiler surfaces and does not reduce the scale to a pow- 
der by a lengthy process. 

About four ounces of this compound is used for each 1 horse- 
power of the boiler. 

Holden's Method, 

Holden's method for preventing the formation of incrustations in 
steam boilers consists in the application to the iron of a compound of 
metals which are electro- positive and electro-negative in relation to 
iron, as a positive metal and a negative metal attract and protect 
-each other. 

This alloy the inventor attaches to the iron at convenient points, 
somewhat distant from each other, by applying it in the form of riv- 
ets or bolts inserted in various portions of the boiler, or in the shape 
of rings, bands, or plates, which are hung upon the tubes or flues of 
the boiler or otherwise fastened to the structure in any convenient 
manner. 

The alloy consists in a compound of zinc, from 33 to 50 parts by 
weight ; tin, 33 to 50 parts by weight ; lead, 1 to 10 parts by 
weight, and antimony, 1 to 10 parts by weight. These are com- 
bined by melting them together, or by melting separately, and mix- 
ing the same, forming a homogeneous metal. 

To make a compound of these metals which shall be homogeneous, 
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proper fluxes must be used, and care exercised in melting, preference 
always being in favor of a close vessel — as a crucible with a cover. 

First, melt the antimony, keeping the molten metal covered with 
a flux of powdered borax and resin, (each four parts,) and one part 
potash, thoroughly mixed, to which add the lead. Melt the other 
two metals in separate vessels — the tin first. Then add the flux, andl 
then the zinc. When melted, stir thoroughly with a stick of white 
wood. Now, pour the molten antimony and lead into the zinc and 
tin, stirring the whole thoroughly during the pouring out, keeping 
the mass covered with the flux to prevent oxidization by exposure to 
the atmosphere. 

Combining metals positive and negative to iron in such proportions 
as to the liquids to be resisted, so that there shall be the least amount 
of energy exerted to perform the work, forms the principle of thi» 
invention. Different waters require different proportions of the 
metals. 

The rendering of iron electro-negative (and hence preventing its 
affinity for oxygen) can only be done at some cost of force, but the 
cost of force required can be regulated, it is claimed, by Holden's 
mixture of metals so perfectly as to be almost nothing. To illus- 
trate: When iron is subjected to the action of saline water Holden . 
would use — zinc, 40 parts, by weight ; tin, 50 parts; lead, 10 parts ; 
antimony, 5 parts ; but if the same water was above a boiling heat, 
he would use — zinc, 33 parts; tin, 50 parts; lead and antimony^ 
each 1 part. In fresh neutral waters he would use — zinc, 50 parts ; 
tin, 33 parts; lead, 10 parts, and antimony, 5 parts.. In acidulated 
water he would use—zinc, 33 parts; tin, 50 parts ; lead and anti- 
mony, each 1 part; or in proper proportions to resist the action of 
the liquid in which they may be placed. 

Taylor* 8 Compound, 

Taylor patented the following compound for removing scale and 
preventing the formation of insoluble deposits : 5 pounds of chest- 
nut-oak bark, \ pint honey, 2 ounces washing soda, 1 quart extract 
sumac, 1 quart extract Irish moss, and 1 quart extract slippery-elm 
to 2 gallons water. 
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Heimanns Method. 

Heimann's means for preventing the incrustation of steam boilers 
consists in adding to the feed water, when it is already in the boiler, 
roasted and ground coffee-beans in quantities depending upon the 
nature and quantity of solid substances dissolved in the feed water. 

It is claimed that the effect of this addition is to coat the inside of 
the boiler plates With a fatty substance which prevents the adhesion 
of the incrustation, and that the chemical compounds or products of 
decomposition formed by roasting the coffee beans cause the solid sub- 
stances, dissolved in the boiled water, to be precipitated in the shape 
of powder or mud. 

Wisharfs Process. 

Wishart's process for removing the incrustations from a boiler ol 
20 horse-power is as follows: In order to have a full supply of water 
for the operation he puts into the boiler 3 full gauges ; then intro- 
duces therein, for the purpose of cleansing the water, 3 pounds of 
chlorine water, and heats the whole to a temperature of 100° F., at 
which point it should remain for about one hour. 

For the purpose of softening the incrustations, Wishart then in- 
troduces ^ pound of carbonate of magnesia with 12 pounds of spirits 
of sea salt, and the water is left to remain another hour at the same 
temperature. Then for the purpose of hastening the operation, 3 
gallons of common vinegar or 2 gallons of concentrated vinegar are 
introduced. 

The materials now having all been introduced into the boiler, the 
latter may be closed steam-tight — by properly securing the manhole 
plate and dome covers in place and closing the throttle valve. The 
safety valve lever may be set to allow the escape of steam at 80 
pounds pressure. 

The fire may now be gently started under the boiler and the steam 
be raised to 20 pounds pressure, at which point the patentee states 
it should remain for about 6 hours. The pressure may then be 
gradually raised to 40 pounds pressure, about at which point it 
should remain for 6 hours longer. Then increase the pressure to 80 
pounds, at which point it is allowed to remain for a half hour. In- 
stead of allowing the boiler to cool gradually, the advantages of 
which have been enlarged upon, the patentee of this process recom- 
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mends that the water from the boiler now be blown off, and that the 
handhole and manhole plates and dome covers be removed and the 
boiler allowed to cool. 

Cleaners or scrapers are then taken and all incrustations that have 
been loosened by the operation are drawn from the boiler, and when 
the boiler is cool enough to accept of water, the hose is applied with 
as much pressure as possible, for the purpose of removing the soft- 
ened incrustations from the crown sheet, stay bolts and flues. 

North^s Process. 

North's process is to treat the water, at its ordinary temperature, 
in proportion to the sulphate of lime, carbonic acid gas, carbonate of 
lime, and carbonate of magnesium found therein by analysis, with 
about equal quantities of carbonate of sodium and chloride of ammo- 
nium, before they are mixed, to change the sulphate of lime to car- 
bonate of lime and absorb the carbonic acid gas, and then heating 
the water to change the carbonates into chlorides, which are soluble at 
any temperature of the water. 

Sulphate of lime is soluble in cold water, but is almost insoluble 
in hot water. Therefore, as soon as the water is heated, the sul- 
phate of lime is precipitated. Carbonate of lime is almost insoluble 
in pure cold water, but is held in solution by the free carbonic Mcid 
gas in the water. Heat drives off this gas, and the. carbonate is pre- 
cipitated. Carbonate of magnesium acts in the same manner as car- 
bonate of lime. Carbonic acid gas in solution in an iron boiler 
unites with the iron, and forms carbonate of iron, which is insoluble. 

When carbonate of sodium is added to water containing sulphate 
of lime in solution there is a double decomposition, and there is 
formed sulphate of sodium, which is soluble, and does no harm in 
the boiler. Carbonate of lime is also produced. The excess of lime 
and sodium in the water absorbs the free carbonic acid gas. When 
chloride of ammonium is added to water containing carbonate of 
lime there is a double decomposition, and there is formed chloride of 
lime, which is soluble, and carbonate of ammonium, which is vola- 
tile. Chloride of ammonium has a similar action on carbonate of 
magnesium. 

The quantity and proportion of carbonate of sodium and chloride 
of ammonium depend upon the quantity and proportion of lime and 



88 STEAM BOILER INCRUSTATION. 

magnesium ia the water. It generally takes equal amounts of eacli, 
the water being analyzed to determine these amounts. 

The carbonlate of sodium and chloride of ammonium must not be 
mixed before adding to the water, as they would decompose each 
other, which they will not otherwise do, as the sulphuric acid, in 
connection with the lime, has more affinity for the sodium than for 
the lime or anything else in the water. It therefore separates from 
the lime, and drives the carbonic acid from the sodium, and unites 
with sodium to form sulphate of sodium. The lime and carbonic 
acid unite to form carbonate of lime. At the ordinary temperature 
of water the chloride of ammonium remains in solution. It requires 
heat to cause it to act with the carbonate of lime. 

A proper proportion of the chemicals should be put into the water 
to be used each day. 

The water may be heated before being put into the boiler to com- 
plete the chemical changes ; but the heat in the boiler will accom- 
plish the same result. The water need not then be subjected to 
filtration, the chlorides formed being soluble. 

The carbonic acid gas being neutralized or absorbed, carbonate of 
iron will not be formed in the boiler. The chlorides of lime and 
magnesium and the sulphate of sodium being soluble at all tempera- 
tures of the water, and the carbonate of ammonium being volatile, 
thev will not form scale or incrustation. 

Bacon and Queen's Process. 

Bacon [and Queen's process for removing incrustation in steam 
boilers is as follows: Lime water, composed of 1 ounce pure unslaked 
lime and 11 ounces soft water, are well mixed together, and after 
standing 10 or 12 hours it is filtered and 16 ounces of it is added to 
16 ounces of pure sweet oil. The lime water and sweet oil having 
been mixed together are used as follows : For example, if a 10 horse- 
power boiler running 10 hours per day and evaporating about 12 
barrels of water is used, a quantity of this compound not exceeding 
1 pint is injected in some suitable manner every other day until the 
desired efiect is produced — that is, until any old incrustation that 
may exist in the boiler is softened to such an extent that it can 
easily be removed by washing out the boiler in the usual way. 
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Absolutely pure sweet oil must be used, as commoa awoet oil will 
not mix with the water in the boiler. 

This compound is especially adopted to be used io small boilers 
where mechanical lime extractors cannot be employed. Oil alone 
'will soften the deposit; but as oil does not mix well with water the 
patentees prefer to mix it with lime water, as has been deecrihed. 



Zinefian's Device for Feeding Fluid into SoUers to Prevent Incrus- 
tation. 

The object of Linehaa's ioventioQ, showa in Figs. 21 to 23, is to 
furnish a device for automatically feeding the fluid, for preveuting 




I ; Fly. £3. 









90 STB AM BOILER INCRUSTATION. 

incrastatioQ, into the boiler along with the feed water, when sup- 
plied by a pump or an injector. 

It consists of a reservoir for holding the fluid, from the bottom 
whereof a siphon pipe leads to the pump barrel or injector at a point 
where the water is forced or drawn by suction into the boiler. The 
said siphon pipe is supplied with a stop cock and check valve, to 
regulate the amount supplied and to prevent back pressure when 
pumping. 

Fig. 21 is a plan of Linehan's apparatus. Fig. 22 is a longitudi- 
nal vertical section of the same, taken on line x x of Fig. 21 ; and 
Fig. 23 shows it applied to a pump barrel. A represents the fluid 
reservoir, provided with a circular strainer, a. From the bottom of 
this reservoir a pipe, B, leads to a valve chamber, 6, in which is 
seated a puppet check valve, c. This valve chamber is on a level 
with the bottom of reservoir A, and from it extends a tube, 6', with 
a valve chamber, C, connected with it, provided with a conical valve, 
d, seated in the diaphragm e. The stem of this valve projects out 
through a stuffing box, e', and is provided with a hand wheel,/, for 
operating the valve d. From valve chamber C a tube, g, extends, 
for connecting the device with the pump barrel or injector, as the 
case may be. 

The device is applied as follows : In Fig. 23 it is shown applied 
to a pump, C, (illustrated in dotted lines.) The tube g is connected 
with the pump barrel D anywhere between the suction valve D' and 
discharge valve E. The stop cock or valve d is lifted off its seat 
sufficiently far to allow the proper quantity of the fluid to pass from 
the reservoir A into the boiler. The fluid is put in reservoir A, and 
passes down through pipe B, through valve c, thence through the 
tube 6', valve chamber C, to tube g^ and from this tube g it enters 
the pump barrel D. When the pump is drawing it lifts check valve 
€ from its seat, which permits the fluid to flow through to the pump 
barrel ; but on the return stroke it closes the check valve c, thus 
preventing back pressure in the feeding device, and the fluid that 
flows out on the suction stroke, mingling with the water, is forced 
through valve E, and thence, through discharge pipe F, into the 
boiler. Thus at every suction stroke of the pump a certain quantity 
(regulated by stop cock d) is permitted to flow into the pump barrel 
D, and on the return stroke it is forced into the boiler. 

By this arrangement a small but sufficient quantity of the anti-in- 
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crustation fluid is regularly and automatically fed to the boiler, pre- 
venting waste and acting with better effect than when forced • into 
the boiler in quantities. 

The device is equally applicable to an injector, and when so used 
it is attached on the suction side. 

Pindar and Clark's Apparatus for Feeding Scaling Compounds to 

Steam Boilers, 

Pindar and Clark's apparatus shown in Fig. 24 is employed to inject 
chemical compounds into steam boilers for the purpose of preventing 
scaling and incrustation ; and it consists in the use of a chambered 
cylinder and devices by means of which the water-feeding device acts 
as the forcing medium for injecting the compound into the boiler. 




Fig. 24 represents an elevation of an apparatus embodying Pindar 
and Cla^-k's invention. 

B represents the usual boiler-feeding pipe, leading from the main 
water supply to the boiler, and through which the water is forced to 
the boiler by any of the well-known devices, and this invention calls 
for no change therein. 

A represents a chambered cylinder, which may be formed from 
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sheet metal in any approved manner, or by casting, as may be pre- 
ferred, its size and desired capacity being determined according ta 
circumstances. This cylinder A is connected with the feed pipe B 
at its top by means of inlet pipe a and near its base by means of out- 
let pipe b. Such pipe connections may be of suflScient strength to 
support the cylinder A in its position, as shown in the drawing, or 
it may be sustained by means of brackets attached to the boiler, or 
upon a suitable stand, as preferred. The main water-feed pipe B 
is provided with a cut-oflf valve, c, midway between the points where 
the pipes a and b (connected with chamber A) are joined to the feed 
pipe B. The two pipes a and b are also provided with valves d and 
e, as shown. At the top of the chambered cylinder A an inlet pipe, 
/, is attached, which at its apex supports a permanently attached 
funnel, g, a valve, h, in the pipe /furnishing a means of closing; the 
entry to the cylinder A. At the base of the cylinder A an outlet 
pipe, i, is attached, by means of which the cylinder may be entirely 
emptied. A glass gauge, k, is attached to the chambered cylinder A 
for the purpose of indicating the quantity of fluids contained therein. 
The operation of Pindar and Clark's device is as follows : The 
valves d and e being closed and the valve c in the feed pipe B being 
open, the supplying of water to the boiler goes forward in the prdi- 
nary manner. The chemical compound is now introduced into the 
chambered cylinder A by pouring it into the funnel g. The valve A 
then being opened, it at once passes into the chamber of cylinder A. 
When the proper quantity has been admitted, as indicated by the 
glass gauge k, the valve h is closed. The valve c in the feed pipe B 
is now closed, and the valve e in the pipe b, connecting the base of 
the cylinder A to the feed pipe B, is opened. The valve d in the 
pipe a is then opened, when the water from the feed pipe B is at 
once forced into the chamber of cylinder A, and thoroughly com- 
mingles with the chemical compound therein contained, driving it 
out through the outlet pipe b into the main pipe B, and thence into 
the boiler. The action is continued until the entire quantity of com- 
pound placed in the cylinder has been ejected. The normal position 
of pipes, valves, &c., as first described, is then resumed. 
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Hayes, Jeffery and Schlack's Device; The Hotchklss Boiler-Cleaner ; Korte's Ap- 
paratus ; Jones' Apparatus ; Doen and Miller's Method ; Youngblood and 
Holmes' Collector; Kane's Sediment Collector; Banna's Collector and 
Spraying Device; Fisk's Attachment; Ascroft's Electrical Alarm and Boiler 
Cleaner. 



HayeSy Jeffery and Schlack's Device for Removing Sediment from 

Steam Boilers. 

The crown or roof of the furnace in tubular boilers, by reason of 
its exposure to intense heat and its- form, offers favorable conditions 
for the rapid formation of incrustations. 

The difficulty of removing the scale from the crown is so great, in 
consequence of the numerous bars and braces supporting the sheet 
and limiting the room for the introduction and manipulation of the 
tools necessary for cutting away the deposits, that in many cases the 
attempt is not made, the sediment being allowed to accumulate un- 
til the spaces under and between the crown bars become obstructed to 
such an extent that the circulation of water over the furnace and the 
generation of steam are seriously impeded. It then becomes neces- 
sary to open the boiler, remove the crown bars and braces, and cut 
away the scale with suitable tools — an operation at once laborious 
and expensive. It is to this part of a boiler, and for the purpose of 
removing sediment there deposited, that the device shown in Figs. 
25 to 31 is claimed to apply with special advantage. The primary 
object of the invention is to remove the sediment deposited on the 
upper surface of the crown sheet of a boiler to which the device may 
be applied without disturbing or removing any part of the boiler, the 
machinery attached, or the structure investing it, which the invent- 
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ors claim they can accomplish by the use of water under suitable 
pressure. 

A further object of the invention is the partial purification of the 
■water in the boiler by ejecting from time to time a portion of the im- 
pure water through the apparatus, which then serves the purpose of 
a surface cock. 






Fig, 25 represents a longitudinal section in elevation, through a 
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boiler and furnace embodying Hayes, Jeffery and Schlack's invention. 
Fig. 26 is a transverse section of a boiler, showing a side elevation 
of the washing apparatus in position. Fig. 27 is a plan view ; Figs. 
28 and 29 enlarged views of the device detached; Fig. 30 a longitu- 
dinal section of the wash pipe ; Fig. 31 a section through the crown 
sheet of a furnace and between the crown bars, showing spaces be- 
tween the crown bars and sheet, through which spaces jets of water 
are forced and distributed in the operation of the device. 

The drawings show a locomotive boilfer and furnace, and A repre- 
sents a pipe located within the boiler, in front of and extending across 
the furnace, which may be secured in position in any suitable manner. 
The inner end of the pipe is closed, and the side toward the furnace 
is perforated at intervals, and the apertures a are slightly above the 
crown, and through them water can be forced over the crown, 
through the spaces 6, between the crown-bar bolts n, and under the 
bars H. B represents a valve, which, when seated, prevents the 
escape of steam and water from the boiler, and when open affords a 
passage through the pipes connected therewith. C represents a metal 
sleeve passing through and securely fastened to the outside sheet of 
the boiler, affording suitable attachment for the pipe A and valve B. 
The inner end of the pipe is, as shown, held by a support, c. D 
represents a lever attached to the valve B. E is a rod connected to the 
lever D, by which the valve may be operated. F represents a pipe 
secured at one end to the valve B, and extending from the valve a 
suflScient distance to give room for the convenient attachment, at its 
opposite end^ of a hose for supplying water to the pipe A. 

The operation of the device in its primary function is as follows : 
Connection having been made at F with a water supply under suit- 
able pressure, the valve B is to be opened, thus forming a continuous 
passage through the pipes F and A, and the water which escapes 
through the apertures a in the pipe A will be forced over the crown in 
strong jets, and will impinge on the surface of the sheet, and by its 
action it is claimed will dislodge and remove any deposits of sedi- 
ment which may have formed there. At the time of applying the 
water it will be advisable to open the hand holes in the leg of the 
boiler, to allow the sediment to pass oflF with the water. 

This operation should be performed frequently, as often as the 
boilers are allowed to cool, and before cooling, or at such other times 
as circumstances may require. 
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The device can be used as a surface cock by raising the valve B hy 
means of the rod E and connecting lever D, which will permit the 
escape of the surface water charged with impurities, which, under the 
pressure of the steam in the boiler, will be forced through the aper- 
tures a into the pipe A, through the valve B and pipe F into theatmos- 
phere, the quantity permitted to escape being regulated by the move- 
ment of the valve, as may be desired. Of course this operation is not 
performed when the pipe F is connected with the water supply. 

The valve may be so arranged that the force of the water flowing 
under pressure through the tube F will open it. 

The inventors of the above device, Messrs. Hayes, Jeffery and 
Schlack, have also invented an apparatus for purifying feed water for 
locomotive boilers by filtering it, and the latter appliance is men- 
tioned under No. 226068 in the list of- American patents, which is 
appended at the close of the present chapter. 

The Hotchkiss Mechanical Boiler-Cleaner. 

The Hotchkiss mechanical boiler-cleaner, shown in Figs. 32 to 40, 
is automatic in its action, and it is the simplest and most effective 
device for keeping boilers free from scale that has yet come under the 
author's observation. ' 

The separate parts of the Hotchkiss boiler-cleaner are shown in 
Fig. 32, the parts being represented arranged in their relative posi- 
tions as applied to a steam boiler. 

In Fig. 32 the double dotted line A A represents the top of the 
boiler shell, upon which the reservoir B rests, and which is con- 
nected with the funnel by the up-flow pipe D, and to a lower part 
of the water in the boiler by the return pipe E ; in this manner is com- 
pleted the circulation which flows in the direction shown by the arrows. 
The funnel C is set within the boiler on the low-water line, as indicated 
by the dotted line 0. The diaphragm Gt is placed in the reservoir 
to divert the flow of water therein, and in the top of the diaphragm 
there is left an air hole, indicated by a black spot, and this hole should 
not be plugged. F is the blow-off pipe for removing the deposits 
from the reservoir. H H are two valves used to shut off the reservoir 
B from the boiler in case of leakage. Angle valves, as shown, are 
generally used to simplify the connections. I is a valve on blow-oflT 
pipe F. K is a socket nipple to which the funnel C is secured hy 
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fig. j2. 



passing over a key, and is then held in place by the small thumb 
screw shown on the collar of the funnel. M and N are nipples, each 
with a half union in order to connect with valves H H. 

The pipes and fittings are alll^ inch, except the blow-off pipe F, for 
which I inch pipe and fittings are used. 

The reservoir i8 a cast-iron spherical vessel with capacity of 18 
gallons, it is -^ inches thick and weighs about 215 lbs. It occupies 
when in position with pipes attached a space 28 to 30 inches long, 
24 inches wide and 26 inches high. Being a solid casting without 
joints and with its spherical shape it is capable of standing a great 
pressure. Each one is tested with steam to 150 lbs. per square inch 
before sending out. 
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The funnel is made of best charcoal iron, the mouth or opening is 
12x15 inches ; it will fit into an ordinary manhole, but should the 
manhole be small the funnel may be bent so as to get it in, and after- 
ward restored to its original shape. 

The manner in which the apparatus acts in removing sediment 
from and preventing scale formation in steam boilers is as follows : 

As soon as the waterin a steam boiler becomes heated, currents are 
formed by the hotter water flowing upward and away from the source 
of the greate^st heat, while the colder water flows to the source of 
heat and in its turn becomes heated. In all boilers where fire is 
applied at one end, the currents established will be upward and 
from the fire on the surface and downward and toward the fire in the 
lower part of the boiler. In a boiler with the Hotchkiss cleaner at- 
tached, the funnel is set near the surface but partly submerged, and in 
such position that its opening will intercept the currents of hot water 
flowing toward it. By the action of gravity in water of varying tem- 
peratures, aided by the pressure on the surface, the hot surface water 
that enters the funnel will flow into the reservoir through the up-flow 
pipe, displacing constantly an equal quantity of the cooler water there- 
in, which, flowing back, to the boiler by the return pipe, reaches lower 
and cooler strata of water than that entering the funnel ; thus a 
steady and constant circulation of water through the apparatus is 
maintained so long as firing is kept up. This circulation is con- 
tinuous and automatic, and by its certain and natural action, all the 
water in the boiler passes successfully through the reservoir, where, 
being free from the agitating currents in the boiler, favorable con- 
ditions are insured for the precipitation and deposit of sediments. 

The sediments, once deposited in the reservoir, are removed through 
the blow-off pipe as often as necessary. 

The oflice of the Hotchkiss mechanical boiler-cleaner is therefore 
simply to provide a place for the accumulation of sediments outside 
of the boiler itself, and removed from heat and its agitating effects, 
from whence they can be readily removed as fast as they accumulate, 
instead of shutting down the boiler to clean them out by hand, or by 
blowing down the boiler in the ordinary way, losing a large amount 
of water already heated to the steaming point, which, if replaced by 
colder water, is wasteful of fuel as well as of water. 

It is not claimed for this apparatus that it will remove incrusta- 
tions from boilers when the scale is already formed^ but it is guaran- 
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teed that it will prevent the format'on of new scale, by removing the 
floating deposits and mineral salts which become scale, if not re- 
moved from the water before they have had time to adhere to the 
heating surfaces. 

By preventing the formation of new scale, the old, by expaasion 
and contraction of the heating surfaces, becomes detached and may 
readily be removed. 

^i?- J3- 



Fig. 33 shows the apparatus as commonly attached to a tubular 
boiler, and Figs. 34 to 36 ahow different situation^ in which the 
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cleaner may be applied when for any reason it may not be desira- 
ble to place the reservoir on the top of the boiler in the usual way. 



FtjSS 



Fig. 34 shows the cleaner placed back of the boiler, when, for 
instance, a low ceiling would not allow it to be placed on top. Fig. 
35 shows the reservoir placed on side wall, if for any cause, such as 
steam drum or manhole being in the way, it could not be applied in 
the ordinary manner. Fig. 36 shows connection of the return pipe 
to a mud drum, when if for any reason such connection is desirable. 

The Hotchbisa apparatus is of peculiar value to tubular boilers, 
which from tlieir construction are difficult of access for properly 
cleaning by hand, and therefore in great need of some device to re- 
move the impurities in the water. For this reason, perhaps, more 
of them are in use on this class of boilers than any other. 

In the earlier types of the horizontal tubular boiler, it was the 
practice to insert many small tubes as close as possible, and in order 
to increase the number they were placed in the style known as 
"staggered." This objectionable practice is fast dying out, since it 
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has been demonstrated that apace for circulation of the water, and 
facilities for inspection and cleaning, are of equal importance with 
heating surface. 

^''g- 37- 



Fig. 37 shows the Hotchkiss mechanical boiler-cleaner applied^to'a 
two-flue boiler ; the majority of the boilers used on the western rivers 
are of this t3-pe, and the Hotclikiss device has proved efflcaciousjn 
removing the mud and sediment from suoh boilers. 
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A large number of the boilers used in rolling mills, saw mills, 
blast furnaces, &c., are two-flue and sometimes plain cylinder 
boilers ; the cleaner is of especial benefit in such establisbments, as 
it materially reduces the item of exiwnsive loss of time in stopping 
works or fiirnaces to have repairs made. 

fig. js. 



1 Fig. 38 represents the apparatus attached to a plain cylinder 
boiler, and it keeps sucIl boiler? c!ean, thus obviating the DecesBity 
of frequent cleaning by hand. 
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Cylinder boilers are an old type, now but little used. In most 
cases where their use is continued it is due to their superior accessi- 
bility for cleaning, thereby permitting the use of water which in 
boilers of more complicated construction could not be used without 
serious risk of damage to fire sheets, &c. The employment of the 
Hotchkiss cleaner will allow of a type of boiler being used with bad 
water which will give much better results from the fuel consumed ; 
a feature in which the cylinder boiler is defective. 

fig- S9- 
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Fig. 39 shows this mechanical boiler-cleaner as applied to an or- 
dinary return-flue marine boiler. 

One of the advantages claimed for this cleaner in its application to 
marine boilers using salt water is, that it prevents the saturation of 
the boiler water with salt, as the reservoir will catch and retain the 
salt, thus saving the large waste of fuel which occurs in blowing off 
to prevent saturation. 

A marine boiler without surface condenser, hut fitted with the 
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Hotchkiss boiler-cleaner, it is claimed, can entirely dispense with 
fresh water and use sea water with perfect security. 

Fig. 40 shows the Hotchkiss device attached to a locomotive, but 
the manner of applying it is, of course, not arbitrary as represented, 
for if preferred the up-flow pipe can enter the smoke arch, making 
connection with either one or two funnels through the front head of 
the boiler. 

The return pipe may enter the boiler on the side near the check 
valve, as shown in Fig. 40, or may pass though the top of the shell 
into the boiler, as in ordinary cases. In Fig. 40 the cleaner is repre- 
sented as having two funnels, one on each side of the dry pipe and 
connected to one up-flow pipe; this arrangement is preferable where 
the dry pipe divides the water surface longitudinally, otherwise a 
single funnel is generally sufficient. 

The blow-off pipe may be carried in any direction, but, as shown 
by Fig. 40, it is preferable to have the valve within reach of the en- 
gineer. This cleaner is of special benefit to locomotives, as from the 
peculiar construction of the boiler thorough cleaning by hand is 
difficult if not impossible, and as it is claimed that it obviates foam- 
ing in boilers, its application should save a deal of trouble and a 
large item of expense in the renewal of burnt tubes, &c. 

The railroad companies and others in the western States, using 
alkaline waters for boiler purposes, could obtain much relief by 
employing the Hotchkiss device. By its use the waste of the com- 
mon surface blow-off can be obviated and much better results secured 
in every respect. 

The Hotchkiss mechanical boiler-cleaner can be applied to upright 
boilers with good results. 

As upright boilers are usually constructed, access to their interior 
is confined to facilities offered by hand holes, and even in the largest 
types the space surrounding the tubes and fire surfaces are only im- 
perfectly to be reached ; for this reason, it is difficult to clean them 
effectually, so that they are a source of constant trouble and expense 
for burnt tubes and fire surfaces. The more difficult a boiler is for 
access to clean, the greater need there is for some device which will 
purify the water. 

Owing to the impossibility of gaining admittance to the interior 
of upright boilers the manufacturer, Jas. F. Hotchkiss, No. 86 John 
Street, New York City, N. Y., makes and supplies special fittings 
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for attaching the cleaner to this class of boilers at the same price as 
charged for regular cleaners. 

Upright boilers vary so much in the arrangement of their internal 
parts that no general rule can be laid down for applying the cleaner 
to them; but if a sketch of the boiler, or if of a special type, the 
name of such be furnished, special directions will be sent by the 
inventor in each case. 



Korte's Feed-Water Healer and Sediment Collector. 

The object of Korte's invention, shown in Figs. 41 to 43, is to con- 
struct a feed-water heater in sizes suitable for insertion within the 
smoke box at the end of the boiler adjacent to the smoke stack or up- 
take, 80 as to be heated with the waste heat of the products of com- 
bustion as they escape from the boiler flues or tubes and are about to 
pass to the chimney flue. 

A further object which the inventor has in view in the construc- 
tion of this feed-water heater is that it shall collect the impurities of 
the feed water and swing out upon a hinge, the same as the ordinary 
door located at the point described, so as to give ready access to the 
boiler flues or tubes, in case it is desired to get at them for cleaning 
or repairs. 



ng.41. 





In the drawings. Fig. 41 shows three separate views : at F a per- 
spective view of a boiler embodying Korte's invention ; at G a sepa- 
rate view of the feed-water heater ; and at H there is shown a sectional 
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view of F. Fig. 42 is a sectional view, showing a modification of 
the invention. Fig. 43 is a longitudinal section. 

A is an ordinary horizontal boiler. B is the furnace. A' the 
boiler flues or tnbes. C is the smoke box. D the chimney or up- 
take. 

E represents the feed-water heater, which is of such size and dimen- 
sions as to fit within the end of the smoke box, although, instead of 
fitting within the end it may be adapted so as to fit against the end. 
It is provided with two or more interior partitions, E'. Two are 
represented in the drawings, and they divide the interior spaces into 
three chambers. 

e is the inlet for the feed water ; e' the mnd valve or blow off, and 
e' the exit for the feed water. The middle space is represented as 
filled with hay, straw, excelsior, or their etjuivalent filtering ma- 
terial , 

The operation of the device is as follows : Feed water entering at 
e is heated by the waste heat of the products of combustion as they 
escape from the boiler flues and before passing to tlie chimney. Being 
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heated, the water deposits the main portion of its sediment in the 
lower chamber adjacent to the blow-off e'. Its remaining impurities 
and crystallizable salts, it is claimed, are extracted in passing through 
the filtering chamber and the space beyond it, and the water dis- 
charged in a purified and heated condition from the exit e^, whence 
it is pumped into the boiler. 

E^ is a hinge by which the heater is suspended in its place, thus 
making the heater to serve the purpose of a door for gaining ready 
access to the boiler flues or tubes. The heater may be provided with 
manholes E^ , opposite any or all of its interior chambers, to facilitate 
the cleansing of the interior or renewal of the filtering material. 

This heater may, if preferred, be extended upward through the 
base of the smoke stack and include the base of the stack within it, 
as illustrated in the modification shown^in Eig. 42, so as to form a 
part of the stack, the heater being suitably joined to the stack at 
the top, the smoke passing through the upper part of the heater. 

The inlet or exit pipes for the water may be united with the heater 
by flexible pipes or couplings, so as to admit of opening the door 
without disconnecting the pipes ; or they may be rigidly connected, 
in which case they would have to be unjointed from the end of the 
smoke box before opening the heater. 

Jones* Apparatus for Removing Scale and Sediment from Steam 

Boilers, 

Jones' apparatus for removing scale and sediment from steam 
boilers is shown in Figs. 44 to 49. 

In the use of mechanical scrapers it is necessary that the rod or 
stem to which the scraper is attached should pass out through the 
head of the boiler, so as to operate it while the boiler is in use. In 
practice the rod sometimes breaks, and in one case which we recall 
where this occurred the rod and the hot water were blown out through 
the stuffing box, tf) the peril of the life of the engineer, and the steam 
had to be let down in order to close the stuffing box. In order to 
obviate these difficulties the scraper rod has in the present invention 
been provided with a socket and ball valve, so that in case the rod 
should at any time be withdrawn the ball will fall into the socket, 
and thus close the orifice. 
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Fig. 44 indicates a cross-sectional view of a steam boiler with 
Jones' oscillating scraping-deflector, and Fig. 45 is a longitudinal sec- 
tion of same, showing a front connection for operating the deflector, 
and a socket and ball valve so arranged as to force the mud and scale 
up and out of the top of the boiler. Fig. 46 is a longitudinal sec- 
tional view of a boiler with Jones' oscillating scraping-deflector, with 
socket and ball valve so arranged as to blow oflf the mud and scale 
through the front head of the boiler. Fig. 4T is a view of same with 
one scraper and socket and ball valve. Fig. 48 is a view showing 
the internal construction of the sleeve and scraper shown in Fig. 45. 
Fig. 49 is a like view of the same parts as shown in Fig. 46. 

In the application of this apparatus to a double-flue boiler, such 
as is used upon Ohio river steamboats, the inventor places an oscil- 
lating deflector (having the sides bent down) over the fire-bridge 
sheets, such as shown in Figs. 44 and 45. The deflector a is about 
six inches wide and two feet long. The scraping sides extend 
downward about one and one-half inch on each side, the ends being 
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open. This deflector is riveted to a hollow arm, 6, which is a part of 
the sleeve c. The sleeve c is supported by and oscillates around the 
pipe d, which passes into the sleeve. 

The valve rod e is attached to the sleeve c by means of a socket,/. 
The valve rod passes out of the boiler head through the case of the ball 
valve g. When the engineer wishes to clean the scale from the fire- 
bridge plate the valve h is opened and the crank i is worked back and 
forward, which oscillates the sleeve c and causes the scrapers a to 
scrape the scale and loosen it from the boiler, and the scale and dirt 
will pass through an opening of the deflector into the arm b and into 
d and out of valve h. Should the valve rod e break and be forced 
out, the ball o will be forced into the socket jp and close the opening, 
so that no water can escape. 

It will be observed that the ball o lies loosely upon the valve rod, 
so that it closes the opening automatically the instant the rod is re- 
moved from any cause. 

In the application of this apparatus to boilers where it will not be 
convenient to blow up through the top of the boilers, as shown in 
Figs. 44 and 45, it may be put on in the manner shown in Fig. 46, 
in which the pipe d is attached to the boiler head by the flange g^, 
and a communication is made through the head with discharge pipe 
r and ball valve g. The valve rod e passes through g and d, and is 
fastened to the closed end of the sleeve c by the nut s. When it is 
desired to blow off, the valve h is opened and the crank i is worked 
backward and forward, which causes the sleeve c to oscillate and the 
deflector scrapers to clean off the scale, when scale, dirt, and mud 
will be blown out through b dr and valve A. All of these ball valves 
are provided with stuffing boxes, as shown at m, so as to keep the 
valve rods steam and water tight. 

In the ordinary practice of double-flue boilers the arrangements 
shown in Figs. 44, 45, and 46, it is claimed by the inventor, will be 
amply sufficient to keep the boilers clean. 

In blast furnace or like boilers, where a considerable length of the 
bottom of the boiler is to be scraped, the inventor uses a stout rod, y, 
(Fig. 47,) adapted to be pushed and pulled, armed with a scraper, t, 
said rod passing through the stuffing box and case of the ball valve, 
substantially as shown. 

The rod y may be of any suitable length and diameter to do the 
work. 
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Doen and Miller's Method for Preventing Incruataiions in Steam 
Boiler 8. 

The object of Doen and Miller's invention, shown in Figs. 60 and 
61, is to prevent the formation of incrustations and sediment inside 
of boilers on the bottom part of their shells ; and it consists of a 
screen formed of wire cloth with open meshes, or of a piece of sheet 
metal perforated with holes, and stretched horizontally the entire 
length and width of the boiler under the flues and above the bottom 
of the boiler, where incrustations and sediment are the most trouble- 
some and. dangerous. This screen may be provided with a trap door 
or other suitable opening near the broom hole in the boiler, through 
which the scales can be taken out when desirable. 



Fig. 50 is an end view of a transverse section of the shell of a boiler 
having Doen and Miller's screen. Fig, 51 is a view of the screen ex- 
posed by tearing away a part of the upper portion of the shell of the 
boiler, 

A is the shell of the boiler ; B, the flues ; C, the wires around the 
flues, and twisted together underneath, and the strands then sepa- 
rated, stretched in opposite directions in a line passing across the 
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boiler, and then attached to the screen. The screen hangs from the 
flues by these wires. The wire screen is stretched upon the frame 
F, which bears upon and against the sides of the boiler, E is the 
mud drum ; D, the screen ; G, the water line ; H, the trap door. 

During the time that the engine is in motion the inventors claim 
that the scales and incrustations form wholly about the flues, and in 
the ordinary boiler as soon as the engine stops they settle to the 
bottom and remain there, forming incrustations. 

By means of this improvement the screen underneath the flues 
catches, it is claimed, this falling sediment, and prevents it from 
reaching the bottom of the boiler, which, in consequence, is kept 
clean and free from incrustation and scales. 

Youngblood and Holmes* Boiler-Scale Collector, 

In many muddy rivers, such as as the Mississippi, &c., where the 
river water is used in steamboat boilers, a great deal of sediment or 
scale quickly adheres to the crown sheet of the boiler and causes by 
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its presence an unequal heating and consequent distortion, bulging, 
and frequent fracture of the crown sheet. 

Youngblood and Holmes' invention, shown in Figs. 52 to 54, is de- 
signed to protect the crown-sheet of the boiler by preventing this 
deposit or scale. 

Fig. 52 is a sectional side-elevation of a boiler, showing the scale 
collector in position. Fig. 63 is a plan of the collector. Fig. 54 is 
an end elevation of the boiler, partly in section, showing the scale 
collector in position. 

A represents the boiler, provided with mud drums B B', attached 
to the boiler by their legs C C. D is the scale collector, which may 
be a metal pan from three to six feet long, or thereabouts, from twelve 
to eighteen inches wide, and from two to four inches deep, and pro- 
vided with feet a a, to hold it a few inches above the crown sheet of 
the boiler. It is also provided with discharge pipe E, which passes 
down through the crown sheet of the boiler into the leg C of the 
mud drum B, whereby the mud and scale deposited in this collector 
are conducted into the mud drum B. On the end of this discharge 
pipe B is a cap, F, the object of which is to prevent the mud and 
scale from returning to the scale collector. 

Ordinarily the scale collector D is uncovered ; but sometimes, when 
used in a boiler where there is a violent circulation of water, it may 
be partially protected by a cover, G, which serves to prevent undue 
agitation of the water in the scale collector D, thereby facilitating 
the deposit of the mud in it. 

When the scale collector D is placed in the position shown in the 
drawings and the boiler is in operation, a violent circulation of 
water is caused on the crown sheet beneath the collector, so that all 
deposit and scale upon the crown sheet, it is claimed, is thereby pre- 
vented. The point of least circulation in the boiler, it is claimed, is 
immediately above and within the scale collector D. Consequently 
the mud tends to deposit within this collector, and to gravitate 
thence into the mud drum B of the boiler. 

Kane's Sediment Collector for Steam Boilers. 

As the greatest heat is applied to that part of the boiler just above 
and in front of the bridge wall, the evaporation and commotion are 
greater at this point. 

8 
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The object of Kane's invention, ahown in Figs, 55 to 58, is to 
intercept theimpurities while circulating in the water, before they have 
settled upon the boiler-shell, and to collect them in a receptacle so 
that they can be readily removed. 



Fig. 55 is a vertical transverse section taken through the grate 
bars of a furnace and boiler, the latter fitted with Kane's device. 
Fig. 56 is a central vertical longitudinal section of the same. Fig. 
57 is an enlarged detail view of the hangers by which the scale 
receptacle is suspended, and Fig, 58 is an enlarged perspective view 
(about one-half being broken away) of the receptacle and screen. In 
this view the screen is shown, as it is in Fig. 56, inclined toward the 
front of the boiler, and the inventor states that he has found that in 
this position it gives the best results. 
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A represents a boiler of ordinary construction, having two flues, 
BB. 

C is rectangular sheet-metal vessel, pivoted within it is a metal 
frame, D, within which is stretched a screen, E, of wire cloth or per- 
forated metal. The screen frame is held in either a vertical or inclined 
position by brackets F, which are secured to the ends of receptacle C, 
and have notches / opposite each other to receive the edges of the 
frame D, which is held between the brackets by spring pressure. 

The device represented clearly in Pig. 58 is suspended from the flues 
(see Fig. 55) by hangers G. The hangers are made of wire loosely 
looped around the flues, so as to permit them to be moyed along to the 
desired position. The lower ends of the hangers are hooked to pass 
each other through perforations or eyes in the corners of receptacle C. 
The shanks of these hooked tongs are crossed, and are provided with 
slides gr, which hold them together securely locked through the eyes 
of the receptacle, and which, when moved up to the point of crossing, 
permit the hooked ends to be sprung out of their eyes and the recep- 
tacle to be detached for removal with its contents. The upper por- 
tion of the screen frame is curved upon each side to hug the flues and 
permit the reduced upper end to pass up about half way between the 
flues B B. This brings the screen fairly within the backward current 
and in a position to intercept the loose scale and sediment contained 
in the water, when it will drop into the receptacle. The wire gauze 
which the inventor has found best is about No. 5. This is open 
enough not to interfere with the circulation, while fine enough to in- 
tercept the scale and sediment, which usually settle on the shell of 
the boiler above the bridge wall, causing the boiler to burn or blister. 

In Fig. 56 there is shown, in dotted line, a pipe leading down from 
the bottom of the receptacle. This is for use on steamboat boilers in 
which the mud-drum is located just back of the bridge wall, and by 
this arrangement the scales may be discharged from the receptacle 
by opening the mud valve ; the receptacle being so suspended that no 
portion of it shall touch the shell of the boiler. Thus the circulation 
is not interrupted, and there is no object upon the inside shell of the 
boiler around which scale will settle. 

The suspended receptacle will produce good results without the 
screen deflector, but it will not collect so much of the loose scale and 
sediment as it does with the screen. 
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Hannd'a Sediment Collector and Spraying Device for Boilers, 

* 

Hanna's sediment collector and spraying device is shown in Figs. 
59 to 61. The spraying nozzle is made with a lower conical surface, 
as well as with an upper conical surface to pass the water into the 
nozzle in a thin film or sheet, which is thus enabled to be thoroughly 
sprayed through perforations, graduated in size, made in the lower 
surface of the nozzle. 
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Fig. 59 is a sectional elevation of Hanna's feed-water device for 
boilers. Fig. 60 is an inverted view of the spraying device proper; 
and Fig. 61 is also a sectional view of the device, taken at right 
angles to Fig. 59. 

In carrying out his invention Mr. Hanna employs a spraying 
nozzle, A, affixed to the feed-water pipe a of the boiler, and arranged 
within the steam chamber of the boiler. The nozzle A is provided 
with a lower conical surface, A', as well as an upper conical surface, 
A% its lower surface having a series of graduated perforations in- 
creasing in size toward the outer edge of the nozzle. This construc- 
tion, while by having the reduced sized apertures at the inner cir- 
cumference of the nozzle, retarding the spraying or feeding of the 
water at the point least desired, or into the sediment collector, pres- 
ently described, passes the water in a thin film or sheet of water to- 
ward the outer edge of the nozzle, whence it is fed through the in- 
creasing sized perforations in the boiler, unaccompanied, it is claimed, 
with an appreciable quantity of sediment. The nozzle A has its 
lower surface or plate bolted to and removable from the upper plate, 
as at 6, to permit the ready cleansing of the nozzle or removal for 
other purpose of the lower plate. Thus bolting the parts together 
strengthens the nozzle, rendering it more durable and efficient. 

B is the sediment collector, preferably of a saucer or funnel shape, 
arranged directly under and a short distance from the nozzle A, and 
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attached tu and discharging into a pipe, C, leading through one end 
of the boiler, and provided outside thereof with a blow-oflF cock to re- 
move sediment therefrom. 

Fisk'a Anti-Incrustation Attachment for Boilers. 

Fisk's device for preventing the incrustation of boilers is shown in 
Figs. 62 and 63 and it consists in the employment of a series of 
water pans of peculiar construction, placed loosely in the boiler on 
the flues, resting one above another, and receiving the feed water 
through a suitable pipe. 




Fig. 62 is a cross-section of a boiler, showing Fiak's improvement 
applied thereto. Fig. 63 ie a perspective view of the upper remova- 
ble pan, which is placed in the boiler. 

A represents a boiler, which is shown in cross section, and B B 
represents the ordinary flue pipes. 

C C C represent a series of very shallow pans, made preferably of 
sheet metal;— such as galvanized iron or tin — with flaring sides. 
The lower pan rests on legs a on top of the boiler flues. The other 
pans also have short legs a a, which stand loosely in the pans below, 
and they are thus removable separately, being inserted and taken 
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out through the manhole of the bDiler. The upper and lower pans 
are of large size, and the middle one of small size, comparatively, 
and the upper one has two longitudinal slots b b opening through 
it, while the two lower ones are imperforated, as shown. 

D is the ordinary feed-water pipe, which passes through the top 
of the boiler and rests over the central portion of the upper pan, be- 
tween the two slots. If desired,, more than three of the pans may 
be employed, the same general arrangement being followed — i. e., 
the upper pan being slotted, and every intermediate pan being of 
smaller diameter than the alternate ones. 

The operation is as follows : The feed water dropping from the 
pipe is spread over the bottom of the upper pan, but without filling 
it, as the water passes at once through the slots to the second pan. 
The thin sheet of water in this first pan allows the great mass of 
scale contained in the water to be deposited on this pan alone, which 
gathers more particularly in the center between the slots and in the 
edges of the slots, and is therefore more readily removed than where 
it spreads evenly over a very large surface. The water then fills the 
second pan, and from this it runs over the edges and falls into the 
third pan and fills it, and finally escapes into the boiler. In passing 
the several pans the water also runs over the bottoms in a thin sheet, 
and more or less of the scale is deposited over the whole surface of 
the pans. Prom the peculiar construction of the upper pan, how- 
ever, as before described, whereby the water simply runs in a thin 
sheet over the whole surface and does not gather in a body, the great 
deposit of the scale is on the upper pan, where it may be readily re- 
moved by removing the pan, without disturbing the other pans ; or 
all may be removed at the same time where there is sufficient de- 
posit. 

Many forms of apparatus for the deposit of scale are well known, 
and Mr. Fisk makes no claim to advantages other than that of re- 
movable pans resting one above another, and the use of an upper 
pan having a slotted bottom, by which the water is spread in a thin 
sheet and discharged centrally. 

Ashcroft's Electriccd Alarm and Steam-Boiler Cleaner. 

The object of Ashcroft's invention, shown in Figs. 64 and 65, is 
to remove the scum and earthy matter floating on the surface of the 
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water, and to prevent the formation of scale and incrustation on the 
boiler plates and tubes of the boiler. It relates, also, to means 
whereby notice may be had when the cleaner is not in operation. 

To this end Ashcroft's invention consists in locating in a boiler a 
series of receiving cups, or a trough mounted upon a pipe preferably 
suspended horizontally lengthwise of the boiler its entire length, the 
pipe being provided with a chamber of any approved shape or size 
and a float within the chamber, the float having a stem provided 
with a metallic point of good conductivity, this float, with its pointed 
stem or rod, being so arranged that when the water in the boiler 
rises to a certain level the metal point is brought into contact with 
electric conductors, whereby an electric circuit is completed and the 
alarm is sounded at any place desired. 

The chief features of this device consist, in the first place, in re- 
moving the gross earthy matter or scum contained in or settling in 
the water. 

It consists, secondly, in devices for automatically announcing or 
reporting the active operation of the device by causing the alarm to 
be sounded while the water in the boiler is at or above a certain 
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height, at which the impurities or scum are being ejected through 
the cleaning or blow-off pipe. 

To insure frequent and regular operation in blowing off the scum 
and to detect the non-use of the cleaner is the principal object of 
Ashcroft's invention. 

Fig. 64 shows a longitudinal section of a boiler with Ashcroft's 
invention attached. Fig. 65 shows an enlarged detail of the appa- 
ratus. 

A represents the boiler ; B, the blow-off pipe, made in two sections, 
one end of each section entering the boiler head, and the other end 
of each section entering a chamber, Gr, somewhat the contour of the 
body of a globe valve. The chamber 0- extends above the water line 
of the boiler and below the bottom of the pipe B. In chamber G the 
inventor places a float, F, to which are attached a stem, a, and 
point E. The top wall of the chamber is provided with an aperture, 
through which the stem a projects, the stem being made to easily fit 
the aperture, which also serves as a guide to the stem. Through the 
shell of the boiler the inventor makes an opening in a line over the 
float chamber, into which is secured, steam tight, a hollow plug or 
cap provided with electrical springs, insulated, which connect with 
electrical wires, also insulated. The wires of course connect with an 
electric battery. The electrical springs extend from the cap down 
into the boiler a sufficient length to allow the metal point to come in 
contact with them when the float rises, and thus an electrical circuit 
is formed which by certain means sounds an alarm, giving notice 
that the blow-off should be put in ppieration. 

The operation is as follows: The working water level of the boiler 
is indicated in dotted lines x in the drawings, and the line of water 
level Wy at which the scum should be discharged through the clean- 
ing apparatus, is also shown in the drawings by dotted lines. At 
certain hours of the day — say at 10 o'clock a. m.-^ the engineer is 
directed to use the blow-off valve connected with the apparatus, and 
previous to the time named, at which time the cleaner is to be 
operated daily, the line of water level in the boiler is to be raised in 
the usual way from the working level to the line of blow-off. When 
the water is raised to the line of blow-off above the cleaning cups 
the float chamber fills and the float rises, bringing the metal point 
in contact with the electrical springs, through which the electric cur- 
rent is formed with the batterv and the alarm is sounded. The blow- 
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off should then commence and continue until the line of water in the 
hoiler is reduced below the cups, when the float will fall to its seat 
in the chamber and the electric current will be broken, causing the 
alarm to cease sounding. Thus, if the alarm is not operated, either 
through neglect of the engineer or through the derangement of the 
apparatus in some of its parts, notice of non-operation will be made 
known where the alarm is located. 
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Naples, Italy. 
Breslau, Germany. 
Chicago, 111. 
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List of Patents— Conhnued. 



No. 



260003 

261180 

264182 

267743 

268461 

269616 

274666 

276277 

277112 

283472 

291167 \ 

291168/ 

293740 1 

to 
298749 \ 
Inclu- I 
sive. J 
295309 
295890 



Date. 


June 


27, 1882 


July 


18, 1882 


Sept. 


12, 1882 


Nov. 


21, 1882 


Dec. 


5,1882 


Dec. 


26, 1882 


Mar. 


27, 1888 


April 


3, 1883 


May 


8, 1883 


Aug. 


21, 1883 


Jan. 


1,1884 


Feb. 


19, 1884 


Mar. 


18, 1884 


Mar. 


25, 1884 



Inventor. 



F. M. Collett 

A. Temple , 

I. L. Merrell 

C. B.Dudley 

C. Cryer and G. H. Norris. 
C. R. Bacon and F. Queen. 
T. Shuhan....... 

G. Seller 

G. Dowine 

C. B. Dudley 

C. B. Dudley 

I.S. Hyatt 

F. Troxel 

W. Tweeddale 



Residence. 



Dubuque, Iowa. 
Bridgeport. Conn. 
San £>^ncisco, Cal. 
Altoona, Pa. 
San Francisco, Cal. 
St. James, Minn. 
Dunkirk, N". Y. 
Spring Forge, Pa. 
Salinas, Oa). 
Altoona, Pa. 

Altoona, Pa. 



Morristown, N. J. 



Danville, 111. 
Topeka, Kan. 



« 
« 
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LIST OF ALL PATENTS 

FOR 

Mechanical Appliances for Preventing and Removing the Incrus- 
tations OF Steam Boilers and for Purifying Water, ^ Issued by 

THE GrOVERNMENT OF THE UNITED STATES OF AMERICA FROM 1790 TO 

July l, 1884, inclusive. 



No. 



10964 
12261 
12654 
13488 
14230 

22178 
22249 
23320 
28303 
30511 




May 

Jan. 

April 

Aug, 

Feb. 

Nov. 
Dec. 
Mar. 
May 
Oct. 



23, 1854 
16, 1865 
3, 1855 
28, 1855 
12, 1856 

30, 1858 
7, 1858 

22, 1859 
15, 1860 

23, 1860 



33828 


Dec. 


3, 1861 


34455 


Feb. 


18, 1862 


35678 


June 


24, 1862 


45914 


Jan. 


17, 1865 


46439 


Feb. 


14, 1865 


47232 


April 


11, 1865 


49255 


Aug. 


8, 1865 


49327 


Aug. 


8, 1 865 


50773 


Oct. 


31, 1865 


50774 


Oct. 


31, 1865 


51775 


Dec. 


26, 1865 


54962 


May 


22. 1866 


59768 


Nov. 


20, 1866 


62093 


Feb. 


12, 1867 


62S78 


Mar. 


12, 1867 


63869 


April 


16, 1867 


64992 


May 


21, 1867 


68041 


Aug. 


27, 1867 


69096 


Sept. 


24, 1867 


71451 


Nov. 


26, 1867 


72809 


Dec. 


17, 1867 



Inventor. 



J. McMullen 

G. Weissenborn 

H. Strait 

F. P. Dimpfel.. 

W. E. Evett and M. Mln- 

thorne. 

H. H. Havens 

J. W. Hartnett 

A. M. Sprague 

J.T. Price 

N. B. Webster and R. W. 

Young. 

G. C. L. Dagenhardt 

S. A. Wilcox 

W, Harrison, Jr 

D. Erabree 

J. Daley and J. H. Marvllle. 

E. Tliaver 

P. E. Garvin 

J. Werner Jr 

G. T. Pariy 

A. T. Porter 

W. Brown 

P. C. Row 

A.T. Hay 

P. H. Vander Weyde 

G. T. Parry 

C. J, Dum6ry 

D. Matthew 

S. G.Cabell 

J. L. Husband 

S. G. Cabell 

D. Matthew 



Besidence. 



Baltimore, Md. 
New York, N. Y. 
Covington, Ky. 
Philadelphia, Pa. 
New York, N. Y. 

New York, N. Y. 
Cincinnati. Ohio. 
Mobile, Ala. 
Rockville, Ind. 
Portsmouth, Va. 

Tresckow, Pa. 
West Roxbury, Mass. 
Philadelphia, Pa. 
Dayton, Ohio. 
Philadelphia, Pa. 
Worcestei*, Mass. 
Philadelphia, Pa. 
Prairie du Lac, Wis. 
Philadelphia, Pa. 
Philadelphia, Pa. 
Morrison, 111. 
Boston. Mass. 
Burlington. Iowa. 
Philadelphia, Pa. 
Philadelphia, Pa. 
Paris, France 
Prairie du Chien, Wis. 
Quincj', 111. 
Philadelphia, Pa. 
Quincy, 111. 
Prairie du Chien, Wis. 



^ This list includes all American patents for feed-water heaters that filter or otherwise puriiy 
the water; but patents for feed-water heaters which simply heat the water without purifying 
it are not included. 
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List op Patents— C'on^mucd, 



No. 




72794 
73872 

82859 
84671 

89725 
91801 
93852 
97657 
101248 
109453 
110553 
113405 
116792 
1191S5 
119597 
121445 
123310 
132439 
134811 
137878 
139634 
140196 
143676 
150038 
153012 
154921 
155620 
157334 
157361 
159142 
160009 
166782 ^ 
168779 
169074 
175402 
176018 
184346 

184948 

190603 
191939 
192741 

194036 

194084* 
194723 



Dec. 
Jan. 
Oct. 
Dec. 

May 

June 

Aug. 

Dec. 

Mar. 

Nov. 

Dec. 

April 

July 

Sept. 

Oct. 

Nov. 

Jan. 

Oct. 

Jan. 

April 

June 

June 

Oct. 

April 

July 

Sept. 

Oct. 

Dec, 

Dec. 

Jan. 

Feb. 

Aug. 

Oct. 

Oct. 

Mar. 

April 

Nov. 

Dec. 

May 

June 

July 

Aug. 

Aug. 
Aug. 



31, 1867 
28, 1868 
— , 1868 

6, 1868 

4, 1869 
22, 1869 
17, 1869 

7, 1869 
29, 1870 

22. 1870 

27. 1870 
14, 1871 

15. 1871 
19, 1871 

3,1871 

28, 1871 

30. 1872 

22, 1872 

14, 1873 

15, 1873 
3, 1873 

21, 1873 
14, 1873 
21, 1874 
14, 1874 

8, 1874 
6, 1874 
1, 1874 
1, 1874 

26, 1875 

23, 1875 
17, 1875 
11, 1875 
26, 1875 
28, 1876 

11, 1876 
14, 1876 

6, 1876 

8, 1877 

12, 1877 
3, 1877 

14, 1877 

14, 1877 
28, 1877 



Inventor. 



|s. G.Cabell 

H. McQuald 

R. B. Baker and C. J. A. 
Dick. 

T. Barfleld 

J. Webster 

G. W. Balrd 

R. Llghtall 

J. T. Fisher 

B.W.Reynolds 

C. J. A. Dick 

C. W. Deane 

J. Argall 

W.C.Selden 

J. Gates 

A. Zipser 

P. V. Vigier 

J. Cliandler 

J. Leonard and S. Hancock. 

W. T. Bate 

C. N. Tyler 

A. T. Hay 

J. Demailly 

G. Hicks 

W. O'Brien 

F. Sourmer 

N. R. Nixon 

G. F. Jasper 

G. R. Zsclieck 

G.W. Baird 

J. F. Donogliue 

T O Kemp 

J. Popper 

W. Andrews and J.Wallace. 

J. L. Winston 

J. L. Lloyd 

C. J. Cronin 

f J. J. Adgate 

IF. Hickman 

W. Major 

I T. Craney 

7 J. A. Fardan 

\ J. E. Ttiomas 

S. D. Gilson 

E. Ransom 



Residence. 



Quincy, 111. 

Canyon City, Ore. 
Pittsburgh, Pa. 

Athens, N. Y. 
Chelsea, Eng. 
U. S. Navy. 
Brooklyn, N. Y. 
Pittsburgh, Pa. 
Evansville, Ind. 
Paris, France. 
Philadelphia, Pa. 
Mineral Point, Wis. 
Brooklyn, N. Y. 
Portland, Ore. 
Biola, Austria. 
Paris, France. 
Pioneer, Pa. 
Oroville, Cal. 
Norristown, Pa. 
Buffalo, N.Y. 
Burlington, Iowa. 
Brussels, Belgium. 
Cincinnati, Ohio. 
Mat toon. 111. 
Berlin, Germany. 
Richmond, Ind. 
Freeburg, 111. 
Indianapolis, Ind* 
U. S. Navy. 
Springfield, Mass. 
Beamsville, Canada. 
Vienna, Austria. 
Keokuk, Iowa. 
Newport, Ky. 
Williamston, Mich. 
Barn hart's Mills, Pa. 
New York, N. Y. 
Reading, Pa. 
Copenhagen, Denmark. 

Bay City, Mich. 

Bay City, Mich. 
Wenona, Mich. 
Syracuse, N. Y. 
Flint, Mich. 



1 Patent No. 166782 has been assigned to James F. Hotchkiss, and it is the foundatioDi 
patent in America for apparatus for cleaning boilers by collecting the impurities of the water 
as they rise to the surface in the boiler, and then conveying it into a reservoir from whence 
the pure water flows back into the boiler through a return pipe and the sediment is discharged 
through a blow-off pipe. 
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List of Patents— Conhnucrf. 



No. 



Date. 



196013 


Oct. 


9, 


1877 


196642 


Oct. 


30, 


1877 


196808 


Nov. 


6, 


1877 


196988 


Nov. 


13, 


1877 


201181 


Mar. 


2, 


1878 


201446 


Mar. 


19t 


1878 


203646 


May 


14, 


1878 


204250 


May 


28, 


1878 


208794 


Oct. 


8, 


1878 


213498 


Mar. 


29, 


1879 


213582 


Mar. 


29, 


1879 


215161 


May 


6, 


1879 


218446 


Aug. 


12, 


1879 


219840 


Aug. 


16, 


1879 


220445 


Oct. 


7, 


1879 


225622 


Mar. 


16, 


1880 


226068 


Mar. 


30, 


1880 


226939 ) 
227072 / 


April 


27, 


1880 


227605 


May 


11, 


1880 


229051 


June 


22, 


1880 


230248 


July 


20, 


1880 


239101 


Mar. 


22, 


1881 


240813 


May 


3, 


1881 


241360 


May 


10, 


1881 


243912 


July 


6. 


1881 


244249 


July 


12, 


1881 


244668 


July 


19, 


1881 


246910 


Sept. 


13, 


1881 


247736 


Oct. 


4, 


1881 


247948 


Oct. 


4, 


1881 


248008 


Oct. 


11, 


1881 


250519 ) 
250520 / 


Dec. 


6, 


1881 


250599 


Dec. 


6, 


1881 


252243 


Dec. 


20, 


1881 


252974 


Jan. 


31, 


1882 


254118 


Feb. 


28, 


1882 


254307 


Feb. 


28, 


1882 


254446 


Mar. 


7, 


1882 


254698 


Mar. 


7, 


1882 


255532 


Mar. 


28, 


1882 


259693 


June 


20, 


1882 


260676 


July 


4, 


1882 


261468 


July 


18, 


1882 


261612 \ 
261613/ 


July 


26, 


1882 



Inventor. 



/E. H. Hermans 

\ W.D.Smith 

W. Dunn 

N. A.T.Jones 

J. F. Morse 

S. Huges 

T. C. Purves 

J. J. Ralya 

T. C. Purves..... 

A. Collins 

A. P. Doen and J. C. C. Mil- 
ler. 

T. McAlvin and M. Spie- 
gel. 

L. Reinhardt 

>R. Llewellyn 

J. L. Thompson 

W. Linehan 

S. J. Hayes, E. T. Jeffery, 
and H. Schlacks. 

G. S. Strong 

W. Youngblood and T. C. 

Holmes. 
W. Morehouse 

A. Dervaux 

B. Kane 

S. E. Collins : 

S. J. Hayes, E. T. Jeffery, 

and H. Schlacks. 

A. Johnson 

T. J. Jones 

C. Reiser 

E. Root 

E. A. Ashcroft 

C. Reiser 

A. Berney 

C. A. French 

G S. Strong 

f D. Kelly 

\W. H. Hoffman 

T. Shaw 

T. Craney 

D. Hanna 

E. H. Ashcroft 

A. Rogers 

H. Pinder and G. W. Clark 

T. J. Jones 

D. Hanna 

J. E. Mendenhall 

• 

N. A. T. Jones. 



Residence. 



Reed's Landing, Minn. 
Keithsburg, Texas. 
Philadelphia, Pa. 
Plymouth, Mass. 
Oshkosh, Wis. 
Charleston, S. C. 
Chicago, 111. 
Cleveland, Ohio. 
Chicago, 111. 
New Vienna, Ohio. 
Evansville, Ind. 

Cincinnati, Ohio. 

Havana, Cuba. 

San Francisco, Cal. 

Allegheny. Pa. 
Chicago, 111. 
Chicago, 111. 

PhUadelphia, Pa. 
New Orleans, La. 

Buffalo, N. Y. 
Brussels, Belgium. 
Cincinnati, Ohio. 
Marion, S. C. 
Chicago, 111. 

Young America, Ind. 

Sharon, Pa. 

Prairie du Chien, Wis. 

Buffalo, N. Y. 

Lynn, Mass. 

Prairie du Chien, Wis. 

Boston, Mass. 

Davenport, Iowa. 

Philadelphia, Pa. 
Philadelphia, Pa. 
Passaic, N. J. 
Philadelphia, Pa. 
Bay City, Mich. . 
Ogdensburgh, N. Y. 
Lynn, Mass. 
Barnesville, Ohio. 
New York, N.Y. 
Sharon, Pa. 
Ogdensburgh, N. Y. 
Springfield, Ohio. 

Plymouth, Mass. 
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List op Patents— Continued. 



No. 



262147 
262823 
264468 
265365 
266686 
268672 
270569 
271821 
272770 
273026 

273777 \ 

273778 / 
276189 
276410 \ 
276411/ 
276493 
276627 
277286 
278196 
281013 
281775 
282804 
285248 
285591 
285615 
285825 
286705 
286724 
292076 
293172 
293740 

to 
293749 
inclu- 
sive. 
295890' 
296337 1 
298101 / 



Date. 



Au^. 

Aug. 

Sept. 

Oct. 

Oct. 

Dec. 

Jan. 

Feb. 

Feb. 

Feb. 

Mar. 

AprU 

April 

April 

May 

May 

May 

July 

July 

Aug. 

Sept. 

Sept. 

Sept. 

Sept. 

Oct. 

Oct. 

Jan. 

Feb. 



1, 1882 

15, 1882 

19, 1882 
3, 1882 

31, 1882 
6, 1882 
9, 1883 

6, 1883 

20, 1883 
27, 1883 

13, 1883 

24, 1883 

24, 1883 

24, 1883 
1, 1883 
8, 1883 

23, 1883 
10,1883 

24, 1883 

7, 1863 
18, 1883 

25, 1883 
25, 1883 
25, 1883 

16, 1883 
16, 1883 
15, 1884 

5, 1884 



Inventor. 



Feb. 19, 1884 

Mar. 25, 1884 
May 6, 1884 



G. S. Strong 

W. Ord 

H. Stranton 

E. H. Ashcroft 

E. Fox 

H. HUl 

E J. Hoffman 

C. Elliot 

0. Reiser 

G. A. Chapman 

G. S. Strong 

J. T. Mead 



J. F.Hotchklss.... 

J. Spaulding 

T. C. Purves 

J. W. Rubber 

E. R. StUwell 

T. R. Butman 

W. S. McKlnney.. 
W. P. Thompson. 
G. C. Fisk 

C. B. Dudley 

J. B. Hannay , 

D. McCurdy 

N A. T. Jones 

J. McGjnley 

E. W. Vanduzen. 
E. J. Hoffman 



I. S. Hyatt 



W. Tweeddale. 
A R. Leeds ... 



Residence. 



Philadelphia. Pa. 
Brooklyn, Ohio 
Flushing, Ohio. 
Lynn, Mass. 
Brooklyn, N. Y. 
Joliet, 111. 
Sioux City, Iowa. 
San Francisco, Cal. 
Prairie du Chien, Wis. 
Strawberry Point, Iowa. 

Philadelphia, Pa. 

Cleveland, Ohio. 

Plaiufleld, N. J. 

San Francisco, Cal. 
Chicago, III. 
San Francisco, Cal. 
Dayton, Ohio. 
Cleveland, Ohio. 
Binghamton, N. Y. 
Philadelphia, Pa. 
Dansville, N. Y. 
Altoona, Pa. 
Glasgow, Scotland. 
Ottawa, Can. 
Plymouth, Mass. 
Chicago, 111. 
Newport, Ky. 
Sioux City, Iowa. 



Morristown, N". J. 

Topeka, Kan. 
Hoboken, N. Y. 



INDEX. 



Acetate of protoxide of Iron, 80. 
Acetic acid, 72, 74. 
Acid, hydrochloric, 41 . 

silicic, how determined in water, 41. 

sulphuric, how used for purifying 
water. 47. 
Alarm, electrical, for boilers, 118. 
Alcohol, 72. 
Alcoholic soap solution, 41. 

determination of hardness with, 41. 
Alkalies, 72. 

caustic. 72. 
Allen's process for softening and re- 
moving incrustation, 82. 
Alum, 72. 

Ammoniac murias, SO. 
Ammoniacal salts. 72. 
Ammonium, chloride of, 87. 

magnesium x>hosphate of, 41. 

oxalate, 41. 

phosphate, 41. 
Analyses of water from English Chan- 
nel and f rotn Mediterranean, 32. 
Animal charcoal, 72. 

fats, 72. 
Anti-incrustation attachment for boil- 
ers, Fisk's, 117. 
Anti-incrustation compound, Auer's, 79. 

Buzby's, 79. 

Cryer and Norris', 83. 

Gansz and Lavo'p, 81. 

Hauxhurst's, 81. 

Pitts', 82. 

Spannagel's, 80. 

Taylor'?, 85. 

Temple's, 80. 

Thomas', 81. 
Anti-incrustation compounds, 71-89. 

add to the evil they are designed 
to remove, 71. 

benefit from, not equal to outlay, 71. 

care to be observed in the use of, 71. 

increase foaming, 71. 
frothing, 71. 
sediment. 71 

must meet the chemical propei'ties 
of water, 71. 

raise the boiling point of water, 71. 



Anti-incrustation compounds, some are 
dangerous, 71. 
some increase corrosion, 71. 

Anti-incrustation, list of, materials, 72, 
78. 

Antimony, 72. 84, 85. 

Arsenical salts, 72. 

Arseniate of soda, 73. 

Ashes, 62. 

Ashcroft's electrical alarm and boiler 
cleaner, with illustrations and detailed 
description, 118-121. 

Ashes seriousl}'^ corrode boilerc, 19. 

Atlantic Ocean, grains of solids in a gal- 
lon of water of the, 41. 

Auer's compounds, 79. 

Bacon and Queen's process, 88. 
Bala Lake, 41. 
Barium, cliloride of. 40, 81. 
Bark, black oak, 84. 
chestnut oak, 85. 
decoctions of, 72. 
extract of cedar, 72. 
hemlock, 81. 
Barks, 72. 
Barley sprouts, 72. 
Baryta, 72. 
caustic, 49. 

chemical reactions from addition 
of, to ceitain waters, 49, 50. 
Barytes, carbonate of, how used for puri- 
fying water, 47. 
Beeswax, 72. 
Black, bone, 72, 84. 
lamp, 72. 
lead, 72. 
Blast furnaces, Jones' scraper for boil- 
ers in, 110. 
Boiling point of water, it varies accord- 
ing to pressure, 25. 
Boilers, (see steam boilers, also locomo- 
tives and marine boilers.) 
Boiler scale a protection against corro* 
slon, 38. 
when and how applied to prevent 
corrosion, 38. 
Bone black, 72, 84. 
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Bones. 72. 

Borax, 72. 

Bran 72. 

Brass cocks attached to the boiler shell 

cause corrosion, 22. 
Brita murias, 80. 
Bromide of magnesium, quantities of, in 

sea-waters, 32. 
Broom corn, 72. 
Builders of steam generators, reputation 

of, 17 
Burgundy pitch, 72 

Butman^s filter and heater for steam 
boilers, 62-65. 
operation of, 64. 
Buzby's compound, 79. 

Calcicchloride solation, how prepared,42. 
Camphor, 72. 
Calcium oxalate, 41. 
Carbon, 72. 

Carbonate and sulphate of lime, the pro- 
portion of, does not increase in the 
water in the boiler, 34. 
^ Carbonate of barytes, how used lor puri- 
fying water. 47. 
Carbonate of lime, how held in solution 
in water, 30. 
quantities of, in sea waters, 32. 
quantities of, in Thames and Colne 

waters, 29. 
zinc is of little value against, 36. 
Carbonate of magnesia 86. 
Carbonate of soda. 50, 73, 75, 76, 87. 
Carbonates, 72. 

temperature at which they are con- 
verted into insoluble particles, 68. 
Carbonic acid- 30 

formed from decomposition of or- 
ganic matter. 31. 
how determined in water, 40. 
Catechu, 79, 
Caustic alkalies, 72. 

baryta chemical reactions from the 
addition of, to certain waters, 49, 
50 
Caustic lime, quantity of, used for pui ify- 

Ing water, 48. 
Caustic soda, 73. 82. 
Cedar bark, extract of, 72. 
Cement, Portland, as a preventative to 

corrosion, 39. 
Chalk districts, water from, 45. 
Changeable or temporary hardness, 42. 
Chandler, Prof., of Columbia College, 

New York, report of, 23 
Charcoal, 66. 72. 
Charcoal, pans of, for drying out boilers, 

78. 
Chelmsford, Essex, town water, 29. 



Chatliam, 29. 

Chemical reactions from the addition of 
caustic baryta to certain waters, 
49, 50. 
tests for water, 40. 

used in softening water, 46. 
Chestnuts, 72. 
Chloride of ammoniumr 87. 
barium, 40, 81. 
iron, 81 . 

magnesium, quantities of. in sea wa- 
ters, 32. 
potassium, quantities of, in sea wa- 
ter, 32. 
sodium, quantities of, in Thames and 
Colne wateis. etc., 29, 32. 
Chloiine combinations in water, how 

shown, 40 
Chlorine water, 86. 
Chlorides, 72. 
Cider, 72. 
Clark, 44 

Clark's method, class of waters to which 
is applicable, 45. 
soap test, 29. 

table of hardness — 1000 grains of 

water used 43. 

Clark and Pindar's apparatus, with illus* 

trations and detailed description, 91. 

Clay, 72. 74. 

Cleaners, mechanical for steam boilers, 

92-121. 
Clegg's compound. 84, 
Coal tar, 72. 

Cockermouth, Cumberland.-29. 
Coflfee beans, 72, 86. 
Colne water, composition of, 29. 

hardness of, 29, 30. 
Composition and properties of water. 23. 
no, will prevent incrustation with 

all waters, 71. 
of water, how proved synthetically, 
23. 
Compositions, all sorts of, tried for pre- 
venting incrustation, 71 
Compound cylinders and surface con- 
densers, satisfactory results from 17. 
Compounds, anti-incrustation, 71-89. 
add to the evils they are designed to 

remove, 71. 
raise the boiling point of water, 71. 
for purifying natural waters, 45. 
for softening, removing, and pre- 
venting incrustation, 79-81. 
Constituents and hardness of water, de- 
termination of, 40-44. 
Copper, salts of, 72, 84. 
Copper, 38. 

scraps, 72. ^ 

sulphate of, 84. 



INDEX. 
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Copperas, 72, 

Corliss engines, favorable results from, 

18. 
Creosote, 72. 
Corn, broom, 72. 
Cream of tartar, 72. 
Crescent ManiifacturingCo., flue cleaner 

made b}', 22. 
Crown of tubular boilers favorable to 
formation of incrustation, 93. 
sheet, distortion, bulging, and fre- 
quent fracture of, 112. 
Cryer and Norris' compound, 83. 
Corrosion, external, how hastened, 19. 
how caused, 22. 
wood and coal cause, 20. 
hicreased by some anti-incrustation 

componds, 71. 
caused by ashes, 19. 
resulting from galvanic actions, 22. 
the common agent in promoting 
boiler explosions, 19. 
Corrosion of marine boilers prevented by 
a thin layer of boiler scale, 38. 
prevented by Hannay's *' electro- 
gen," 37. 
prevented by Portland cement, 39. 
prevented by zinc, 35. 
theory of zinc preventing, 36. 
Cyclone flue cleaner, 20. 

Darley Dale, Derbyshire, well, 29. 

Decoctions of bark, 72. 

Degenliardt's process for purifying 

water, 47. 
Degree of hardness. English, how re- 
duced to German, 44. 
Degree of hardness," what is meant 
by, 44' 

Dervaux's water-purifying apparatus, 
with illustration and detailed descrip- 
tion, 57. 
Deterioration of boilers, 18. 
Determination of constituents and hard- 
ness of water, 40, 44. 
the entire residue of water, 41. 
Devising and managing steam-making 
apparatus, flnality not reached in, 17. 
Dextrine, 72. 
Distillation in vacuo ^ 27. 
Distilled water, 41. 
Divi-divi, 72. 
Doen and Miller's method for preventing 

incrustation. 111, 112. 
Dr. Kossman, 36. 

Dudley's method for purifying water. 47. 
change in, 48. 

process for purifying waters mixed 
with the drainage of mines, etc., 
50. 
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Eames' process for purifying water, 46. 

Earthenware, broken, 72. 

Encalyptup, decoctions of, 72. 

Eggs, whites of, 72. 

Electrical alarm for boilers, 118. 
' Electrogen," Hanney's, with illustra- 
tions and detailed description of the 
manner of making and fitting to boil- 
ers, 37, 88. 

Electro-positive and electro-negative 
metals for preventing incrustation, 84» 

Elliot's apparatus for purifying water,, 
with illustration and detailed descrip- 
tion, 60-62. 

Embree's method for softening water^ 
46. 

Endurance of marine boilers diminished^ 
.18. 

English Channel, analysis of water from^ 
32. 

English degree of hardness, how re- 
duced to German, 44. 

Entire residue in water, determination 
of, 41. 

Excelsior, 107. 

Experiments made by M. Georges Ma- 
ri6, 1 8. 

External corrosion, how hastened, 19. 

Fats, animal, 72. 

Fatty oils, 72. 

Felt, 72. 

Fibrous materials, 72. 

Filter and heater, Butman's, 62-65. 

Strong's, 65-69. 
Filters for marine boilers, 69, 70. 
Filtering water through animal char- 
coal, 47. 
Filtration, removing matter held in sus- 
pension in water by, 22. 
Fisk's anti-incrustation attachment for 

boilers. 117. 
Flaxseed, 72, 79. 
Flue cleaner, the Cyclone 20. 
Flues should often be swept, 20. 
Fluids, anti-incrustation, apparatus for 

feeding, into boilers, 89-92. 
Foaming, 75. 

increased by anti-incrustation com- 
pounds. 71. 
Frankland, 40. 
Frothing increased by anti-incrustation 

compounds, 71. 
Fruit, 72 

B^iel, advance in economy of, in steam 
I engines, 17. 

consumption of in good locomotives, 
' 18. 

1 Furnaces, blast, Jones' scraper for boil- 
I ers in, 110. 
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Galvanizing works, pickling liquors from, 
50. 

Gambier, 72, 79 

Gansz and Lavo's compound, 81. 

Gas tar, 72, 78. 

German degree of hardness, how re- 
duced to Engli^»h, 44. 

Glasgow, Locli Katrine, 41 

Glass, broken, 72. 

Glue, 72, 74. 83. 

Glycerine, 72. 

Graphite. 72 

Grasses, fresh and decayed, 72, 

Gravel, 72 

Grease. 83. 

Guilford, new water supply, 41. 

Gums, 72. 

Hannahs sediment collector and spraying 

device for boilers. 116. 
Hannay. James B., of Glasgow, Scot- 
land, description of the " electrogen " 
invented by, 37. 
Hardness, how determined, 29. 30. 

and constituents of water, how de- 
termined. 40-44 
degree of. what is meant by, 44. 
determination of^ with alcoholic soap 

solution, 41. 
permanent, determination of, 44. 
table of, Clark's— 1000 grains of wa- 
ter used 43. 
in parts per 100,000, 50 c. c of wa- 
ter used. 43. 
temporary, 42. 
or changeable, 4H. 
total, 42. 

how determined, 42. 
' Hard water, 27. 
Hauxhurst's method for preventing In- 
crustation of marine boilers, 81. 
Hay. 72 107. 

Hayes, Jeffery and Schlack's device for 
purifjingwaterfor locomotives, 96. 
for pemoving sediment f r^m boilers, 
93-96. 
Heater and filter, 62. 

for locomotives. Strong's, 68. 
Korte's, 106 • 
Ralya's, 53. 
Sliaw's, 51. 
Strong's 65. 
Heat of vaporization, 27. 

the only agency for removing mat- 
ter held in solution by water, 22. 
Hemlock bark. 81 
Hemp. 74 

High-.r-team pressure, endurance of ma- 
rine boilers diminished since tlie intro- 
duction of, 18. 



Holden's method for preventing incrus- 
tation, 84. 

Holmes and Youngblood's boiler scale 
collector, 112, 113 

Honey, 72, 85. 

Horns, internal portions of. 72. 

HotchkLss' mechanical boiler cleaner, 
with illustrations and detailed descrip- 
tion 96-106. 

Hydrate of lime more soluble in cold 
than in hot water, 26. 
sod-«, 83. 

Hydrocarbons, 72. 83. 

Hypersulphite of soda, 73. 

Hydrochloric acid. 41, 72. 

Improvements made in steam generators 
during the past two-thirds of a century, 
17. 
Incrustating matter, 217 lbs. of, enter- 
ing a locomotive boiler per month, 
23. 
Incrustation anti-. compounds, 71-89. 
add to the evil they are designed 

to remove, 71 . 
as much time required to clean 
boilers when they are used as 
otherwise, 71. 
benefit from, not equal to the outlay, 

71. 
care to be observed in the use of, 71 . 
increase frothing, 71. 

sediment. 71. 
must meet the chemical properties 

of water, 71. 
some are dangerous, 71 

increa.se corrosion, 71. 
Allen's process for removing, 82. 
Ashcroft's apparatus for prevent- 
ing 118 
Auer's compound for preventing,79 
Bacon and Queen's method for re- 
moving, 88. 
Buzby's compound for preventing, 

79. 
Clegg's compound for removing 84. 
compounds for preventing, 71-89. 
compounds for softening. 71-89. 
contrivances for feeding fluid into 

boilers to prevent. 89-92. 
crown of tubular boilers favorable 

to formation of, 93. 
Cryer and Norrls' compound for 

preventing. 83. 
Doen and Miller's method for pre- 
venting, 111 
eats away the metal of boilers. 33. 
electrical alarms for detecting, 118. 
experiment showing how it is form- 
ed In boilers. 30. 
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Incrustation, Fisk's attachment for pre- 
venting, 117. 

Gansz and Lavo^s compound for re- 
moving, 81 . 

Hannahs sediment collector and 
spraying device for preventing, 
116. 

Hauxhurst's method for prevent- 
ing. 81. 

Hayes, Jeffery and Schlack's device 
for removing, 93 

Heiman's method for preventing, 86. 

Holden's method for preventing. 84. 

Hotchkiss^ apparatus for preventing, 
96. 

how it is formed. 22 

increased by anti-incrustation com- 
pounds, 71 

Jones' apparatus for removing. 108. 

Korte's apparatus for preventing, 
106 

list of materials used to prevent, 72, 
73. 

loosening of. with crude petroleum, 
79. 

North's method for treating water 
to prevent, 87. 

no composition will prevent, with 
all waters, 71. 

Pitt's compound for preventing, 82. 

receptacle for intercepting sediment 
to prevent 113. 

report of Prof. Chandler, of Colum- 
bia College. New York, on, 23. 

screen for catching sediment to pre- 
vent, 112. 

Spannagel's compound for prevent- 
ing, 80 

Taylor's compound for removing, 
85. 

Temple's compound for preventing, 
80. 

Thomas' compound for removing 
and preventing, 81. 

Wishart's process for removing. 86. 
Iron, acetate of protoxide of, 80. 

chloride of. 81. 

proto chloride of, 80. 

salts of, 72. 

scraps, 73 
isinglass, 73, 83. 

Jones' apparatus for removing scale and 
sediment, with illustrations and de- 
tailed description, 108-111 

Kent Company, London. 41. 
Kerosene, 73. 

Korte's feed-water heater and sediment 
collector, lOG-108 



Kane's sediment collector, 113-115. 
Kossman, Dr., 36. 

Labor saved by sweeping tubes and 

flues. 20. 
Lacquers, 72 
Lamp black, 73. 
Latent heat of steam, 27. 
Lavo and Gansz's compound, 81. 
Lead, 38, 84, 86. 
black, 72, 84 
salts of, 73. 
white, 73. 
Leather scraps, 73, 82. 
Leaves, 73. 
Leek town water. 29 
Leek workhouse w^ell, 29. 
Lime, carbonate of, 32. 

how held in solution, 30. 
quantities of, in Thames and Colne 

waters 29. 
zinc is of little value against. 36. 
how determined in water. 41. 
hydrate of, more soluble in cold 

than in hot water. 26. 
milk of, and caustic, 73. 
paint, 73 
proportion of, in softening water, 

how determined, 46. 
sulphate and carbonate of, does not 
Increase In the water In the 
boiler, 34. 
sulphate of, 32. 

hisoluble at 302® F., 26. 
less soluble in hot than in 

cold water, 26. 
quantities in Thames and 

Colne waters, 29 
temperature required for 
conversion, 68. 
water, 41, 73, 81, 88. 
Limestone districts, water from, 45. 
Llnehan's device, with Illustrations and 

detailed description, 89. 
Linseed cake, 73 

oil, 73. 
List of antl-lncriistatlon materials, 72, 73. 
Litmus paper, use of, 46, 47. 
Locomotive, illustration of the Hotchkiss 

cleaner applied to a, 104 
Locomotives, consumption of fuel in, 
18. 
hardness of incrustation In, 32. 
more economical of fuel than Is gen- 
erally supposed, 18. 
rain water will not prime in, 32. 
soda causes tlie water to prime in. 

7o. 
Strong's feed-water heater for, 68. 
Logwood, 73. 



136 



STEAM BOILER INCRUSTATION. 



*'LoncloD clay," wells in the, 31. 

New River Co., hardness of water 

of, 29. 
water companies, solids in water of, 
41. 
Lye, concentrated, 73, 81. 

Magnesia, how determined in water, 41. 
carbonate of, 86 
sulphate of, 32. 

zinc is of little value against, 36. 
Magnesium, bromide of, 32. 

chloride of, 32. 
Malt, 73. 

Manchester water. 29 
Manure, 73. 
Mari4, M. Georges, experiments made 

by, 18. 
Marine boilers corrosion of, prevented by 
Portland cement, 39 
prevented by zinc, 35. 
endurance of, diminished, 18. 
filters for, 69, 70 

Hannay's electros:en for preventing 
corrosion of, 37. 
, Hotchkiss' device applied to a, 103. 
Hauxhurst's method for preventing 

incrustation of, 81. 
scaling. 77. 
steel, 35 
tallow in, 74. 

theory of zinc preventing the corro- 
sion of. 36, 
Marrow. 72. 
Marsh rosemary, 80. 
Materials, list of anti-incrustation, 72. 

73. 
Mediterranean, analysis of water from, 

32. 
Miller and Doen's method for preventing 

incrustation. 111, 112. 
Mines, Dudley's process for puilfying 
water mixed with the drainage of 50, 
51. 
Mine water, Siiaw's apparatus for puri- 
fying and heating, 51 
Mineral matter in solution and suspen- 
sion in water, 122 
Molasses, 73, 76. 
Moss, Irish and other, 73, 74, 85. 
Meal., 73, 81 

Mechanical boiler cleaners, 92-121. 
Metal in strips and scraps, 73 
Metals, electro-positive and electro-neg- 
ative, 84. 
Mucilage, 73. 
Muddy rivers, 112. 
Murias stoutia, 80. 
Muriates. 73. 
Muriatic acid, 73. 



Naphtha. 83. 

Natural waters, compounds for purify- 
ing, 45. 
New River Co., London, degree of 
hardness of waters of. 29. 
grains of solids in a gallon of water 
of, 41. 
Nitrate of silver, 40. 

solution of, how employed in soften- 
ing water, 46. 
Nitrate solution, 40 
Nitric acid, 72. 
North's process, 87. 
Nut-galls, 73. 

Oak bark, black, 84. 

chestnut, 85. 
Ochre, 73. 
Oil cake, 74. 

sweet, 88. 
Oils, 73 78. 83, 88. 

fatty, 72. 
Oolite districts, water from, 45. 
Organic matter in water, 22. 

quantities of, contained in Thames 
and Colne waters, 29. 

substances in water, how shown, 41. 
Oxalate, ammonium, 41. 

calcium, 41. 

of soda, 73. 
Oxalates, 73. 
Oxalic acid, 72. 
Oxides. 73. 
Oxtou, Birkenhead, 29. 

Paints, 73. 

Paper, waste of, 73 

Paraffine, 73. 

Peat. 73, 74. 

Permanent hardness, determination of^ 

44. 
Permanganate, potassium, 41. 
Petroleum, 73, 79, 82. 
Phenol, 73 
Phosphate, ammonium, 41. 

magnesium 41. 
Phosphates, 73. 
Pickling liquors from galvanizing works, 

50. 
Pindar and Clark's apparatus for feed- 
ing anti-Incrustation fluids to boilers^ 
91 
Pitch, 73 

Burgundy, 72. 
Pitt's compound, 82. 
objection to, 83. 
; Plants, 73 
i Plumbago, 73. 
I Pomegnite, 73. 
Porceia n, broken, 73. 
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Poitland cement as protection against 

corrosion. 89. 
Potash, 73. 

Potassium, ehloncle of, 32. 
Po assinm permanganate, 41. 
Potatoes, 73, 74. 
Potato-starch, 78, 74. 
Preventing incrustation, compounds for, 
71-89 

list of materials used for, 72, 73. 

processes for, 71, 89. 
Priming caused in locomotives by soda, 

74. 
Properties and composition of water, 23. 
Proto chloride of iron, 80 
Pumps in the streets of London, water 

from. 30. 
Purifying mine water, Dudley's process 
for, 50. 

Shaw's apparatus for. 51. 
Purifying water for steam boilers, 45-70. 

Butman's filter for, 62. 

Degenhart's process for, 47. 

Dervaux's apparatus for, 57. 

Dudley's process for, 47. 

Eames' method for, 46. 

Elliot's apparatus for, 60. 

Hayes, Jeffery and Schlack's device 
for, 94. 

Hotcnkiss' apparatus for, 96. 

Korte's apparatus for, 106. 

mixt d with the drainage of mines, 50. 

sewage 48 

soda lime, how used for. 

Strong's apparatus for, 65. 

sulphuric acid, how used in, 47. 

Quantitative analysis, hardness deter- 
mined with alcoholic soap solution, as 
a substitute for, 41. 

Queen and Bacon's process for soften- 
ing incrustation in small boilers, 88. 

Quichlirae, quantity of, required for 
softening water. 45. 

Quicksilver, 73. 

Rain water. 27, 28, 32. 

Ralya's water economizer, purifier and 
heatei% with illustrations and detailed 
description, 53. 

Resins, 73 

Rhine at Basle, water of the, 41. 

River water not likely to prime in loco- 
motive or stationary boilers, 32. 

Rivers muddy, 112. 

Roots, 73. 

Report of Prof Chandler, of Columbia 
College, New York, 23. 

Reputation of builders of steam generat- 
ors, 17. 



Rosemary, marsh, 80. 

Sal ammoniac. 73, 74, 81. 
Salt, common, 78, 79. 

solubility of, nearly the same in all 
temperatures, 26. 
Saltpetre, 73, 79. 
Salts, ammoniacal, 72. 

arsenical, 72. 

of copper, 72. 
iron, 72. 
lead, 73. 
tin. 73. 
Sand. 73 74. 
Saponavia, 73- 
Sawdust, 73, 74. 
Scale collector, Youngblood and HolmesV 

112. 
Scaling steam boilers, manner of, 77. 
Scarborough reservoir, 41 . 
Schwertzer. 32. 
Scraper, Jones', 111. 
Sea water, effects of, on steam boilers^ 
85. 

must be frequently blown off, 35. 
Sea waters, analysis of, 31. 
Sediment collector, Ashcroft's, 118. 

Fisk's, 117. 

Hanna's, 116, 

Hotchkiss', 96. 

Kane's, 113. 

Korte's, 106. 

Doen and Miller's, 111. 

Jones', 108. 

Hayes, Jeffery and Schlack's, 93-96» 

Youngblood and Holmes', 112. 
Selden's filter, description of, 69, 
Selenitic waters, zinc useful with, 36. 
Settling, removing matter held in sus- 
pension in water by, 22. 
Sewage water, how purified, 48. 
Shaw.'s apparatus for purifying and heat- 
ing mine and natural waters, 51 » 

method of operating, 52. 
Shells, ground. 73. 
Shot, 73. 

Silicic acid, how determined in water, 41. 
Silver, nitrate of. 40. 
Slippery elm, 73, 85. 
Soap, 73 

solution, standard, how prepared,42» 
Soapstone, 73. 
Soda, 73, 75, 82, 84. 

ash, 73, 75, 84. 

carbonate of, 50. 

hydrate of. 83. 

lime, how used for purifying water^ 
48. 

lime, modifying the constitution ofy 
49, 50. 
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Soda washing, 85 
Sodium, carbonate of, 87. 
chloride of, 32 

quantities contained in Thames 
and Colne waters, 29. 
Softening water. 45. 

Embree's method for, 46. 
Solid residue in natural waters, 41. 
Solution matter held in, in water, how 
removed, 22 
of nitrate of silver, 46. 
Solutions supersaturacions of, what is 

meant by, 26, 
Soot, 20. 73 
Sources of water, 27 
Spannagel's compound, 80 
Sponge, 73 
Spree at Berlin, 41. 
Spra5ing device, Hanna's, 116. 
Spring waters, 28. 

Standard calcic chloride solution, how 
prepared, 42 
soap solution, how prepared, 42. 
St rch, 73, 74. 
Statice root, 80. 

Steam easily raised with clean tubes or 
flues, 20. 
latent heat of, 27. 
Steamboat boilers, Youngblood and 

Holmes' scale collector for, 112. 
Steam boilers, agents which tend to 
weaken, 19. 
Allen's process for so tening an! re- 
moving incrustation from 82. 
all forms of. are unsafe, 18 

sorts of compositions tried for 

preventing incrustation in, 71. 

anti-incrustation compounds for, 

71-89. 
■apparatus for feeding anti-incrusta- 
tion fluids into, 89-92. 
as much time required for cleaning 
when anti-incrustation composi- 
tions are used, as otherwise, 71 
Ashcroft's sediment collector for, 

118 
Auer's anti-incrustation compound 

for, 79 
Bacon and Queen's method for re- 
moving incrustation from small, 
88. 
beneflts from anti-incrustation com- 
pounds used in, not equal to the 
outlay, 71. 
best plan for emptying, 76. 
Butman's flier and lieater for, 62 
Buzbj^'s anti-incrustation compound 

for. 79. 
<;are to be observed in the use of 
compounds in, 71 



Steam boilers, mechanical cleaners for, 
92-121. 

Clegg's compound for removing 
scale from, 84. 

composition for loosening incrusta- 
tion in. 76 

compounds for preventing incrusta- 
tion in, 71-89. 
must meet tlie chemical proper- 
ties of water used in, 7,1. 

crown of, favorable to formation of 
incrustation. 93. 

Cryer and .\' orris' anti-incrustation 
compound for, 83. 

DeiTaux's water-purifying appara- 
tus for, 57. 

distortion, bulging and f^*equent 
fracture of crown sheets in, 113. 

drying out with pans of burning 
charcoal, 78. 

Degenhardt's process for purifying 
water for, 47. 

Doen and Miller's method for pre- 
venting incrustation of, 111. 

Dudley's process for purifying water 
for, 47. 50. 

Eames' process for purifying water 
for, 46. 

efl'ects of sea water on, 35. 
well water on. 34 

electrical alarm for, 118. 

Elliot's apparatus for purifying 
water for. 60. 

Embree's method for purifying 
water for, 46. 

explosions, corrosion the common 
agent in promoting, 19. 

Fisk's anti-incrustation attachment 
for, 117. 

foaming in, increased by anti-in- 
crustation compounds 71. 

frequency witli which, give way, 18. 

Gansz and Lavo's compound for 
removing incrustation from, 81. 

Hanna's sediment collector for, 116, 

Hayes, Jeffery and Schlack's device 
for removing sediment from, 
93-96. 

Heimann's method for preventing 
the incrustation of, 86. 

Holden's method for preventing the 
incru.station of. 84. 

Hotchkiss' cleaner for, 96. 

how they should be scaled, 77 

injury to, caused b}' grease and oil, 
78, 79. 
by soft deposit, 78 

Jones' apparatus for removing sedi- 
ment from, 108. 

Kane's sediment collector for, 113. 



INDEX. 



139 



"Steam boilers, Korte's heater and sedi- 
ment collector for, 106. 

Linehan's device for feeding? anti- 
incrustation into, 89. 

list of materials placed in, to pre- 
vent incrustation, 72 73 

loosening incrustation in. with crude 
petroleum, 79. 

marine. Hannay's electrogen for 
preventing corrosion of, 37. 

endurance of, diminished since the 
introduction of high steam pres- 
sure, 18. 

Hanxhurst^s method for preventing 
incrustation of, 81. 

methods and compounds for purify- 
ing water for, 45-49 

no compo9<ti »n will prevent incrus- 
tation with all waters used in, 71 

North's process for treating water 
for, 87 

Pindar and Clark's apparatus for 
feeding scaling compounds to, 91. 

Pitt's anti-incrustation compound 
for, 82 

processes for softening and prevent- 
ing incrustation in, 79-81. 

progress of deterioration of, 18. 

purifying water for, 45-70. 

rain water would not form incrusta- 
tions in. 32 

Ralya's water economizer, purifier 
and heater, 53. 

sediment in, increased by anti-in- 
crustation compounds, 71. 

seriously corroded by ashes, 19. 

Shaw's apparatus for purifying and 
heating mine and natural wateis 
61. 

some anti-incrustation compounds 
increase corrosion in, 71. 

Spannagel'.s anti-incrustation com- 
pound for. 80. 

spraying device and sediment col- 
lector for, 116 

Strong's purifier and heater for, 65. 

Taylor's compound for removing in- 
crustation from. 85. 

Thomas' compound for removing 
and preventing incrustation of, 
81. 

Temple's anti-incrustation com- 
pound for, 80. 

vast room for improvement in the 
construction and care of, 18. 

Wishart's process for removing in- 
crustation from 86. 

Youngblood and Holmes' scale col- 
lector for, 112. 
Steel marine boilers, 35. 



Stillslop, 46. 
Stones, 73. 
Straw, 107. 

Strong's feed water heater for locomo- 
tives, description of, 68 
water purifier and heater for station- 
ary boilers with illustrations and 
detailed description, 66. 
Sugar, 73, 80, 81 

Sulphate and carbonate of lime, the pro- 
portions of, do not increase in the 
water in the boiler, 34. 
of copper. 84. 
lime, insoluble at 302° F. 26 
less soluble in hot than in cold 
water. 26. 
quantities <»f, in sea water, 32. 
temperature required for conversion, 

68. 
magnesia, quantities of, in sea wa- 
ter. 32 
Sulphates, 73, 84. 

and sulphuric acid, how recognized 
in water, 40 
Sulphur, 73. 
Sulphuric acid. 73, 74 

how used for purifying water, 47. 
and sulphates, how recognized in 
watei*, 40. 
Sumac, 73. 85. 
Supersaturation of solutions, what is 

meant by 26. 
Surface cocli, 96. 

condensers and compound cylinders, 
results from, 17. 
endurance of marine boilers 
diminished by, 18. 
Sweet gum, tree bari o^ 79. 
Sweet oil, 88. 

Table of hardness, Clark's — 1000 grains 
of water used 43. 

in parts per 100,000. 50 c. c of wa- 
ter used 43. 
Tallow, 73. 78. 
Tan bark, ground, 73. 

liquor, oak bark, 76 

spent, 73 
Tannate of soda 73 
Tanner's scraps, 73. 
Tannic acid, 74 
Tannin, 73. 
Tar, 73. 

Tartar, cream of, 72. 
Taylor's compound. 85 ' 

Temple's compound, 80. 
Temporary hardness, what is meant by, 
42. 

or changeable hardness, 42. 
Terra-japonica, 73, 80. 
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Thames Companies, London, solids in 
the water of. 41. 

water, composition of, 89. 
hardness of, 29, 80. 
Thomas' compound, 81. 
Tin. 38, 84. 85. 

salts of, 73. 
Tobacco, 73, 74. 
Total hardness how determined, 42. 

what is meant by. 42. 
Tow, 74. 

Tubes should often be swept, 20. 
Tumeric, 73. 
Turf, 73. 

Urine, 73. 

Valonia. 73. 

Vaporization, heat of, 27. 
Vinegar, 73. 86. 
Varnishes, 73. 
Vegetable dyes, 78. 
Voltaic devices, 73. 

Wanklyn, 40. 

Wsnklyn's determination of hardness of 

English potable waters, 29. 
Washing soda, 85 
Water, all salts soluble in, 26. 

amount of mineral matter held in 

solution in, 22. 
analysis. Wanklyn and Frankland 

on, 40. 
anti-incrustation compounds must 
meet the chemical properties of, 71 . 
boiling point of. raised by anti-in- 
crustation compounds, 71. 
varies with the pressure, 25. 
boils in a vacuum at 67° P., 26. 
Butman's filter and heater for, 62. 
carbonic acid, how determined in, 

40. 
chlorine combinations in» how 

shown, 40 
Companies, London, solids in water 

of, 41. 
composition and properties of, 23. 

of, how proved, 23. 
containing grease, oil, dirt or vege- 
table matter, how purified, 47. 
Degen hart's process for purifying, 

47. 
"degree of hardness" of, what is 

meant by, 44. 
density of, increased by anti-incrus- 
tation compounds, 71. 
Dervaux's apparatus far purifying, 

53. 
determination of constituents of, 
40-44. 



Water, determination of entire residue 
of, 41. 

dftermining hardness of, with alco- 
holic soap solution. 41. 

Dudley's process for purifying, 47. 

Eames' method for purifying, 46. 

economizer, purifier and heater^ 
Ralya's, 53. 

Elliot's apparatus for purifying, 60. 

English degree of hardness of, how 
reduced to German, 44. 

evaporates at all temperatures, 25. 

examination of, as to Its admixtures, 
40. 

examples of the amount of solid 
residue In some natural, 41 

filtering, through animal charcoal, 

. 47. • 

for locomotives, St ong's heater for, 
68. 

from chalk, limestone and oolite dis- 
tricts, 45. 
i German degree of hardness of, how 
reduced to English, 44. 

hardness of, determined with alco- 
holic soap solution, as a substitute 
for qualitative analysis, 41. 

Hayes, Jeffery and Schlack's device 
for purifying, 94. 

Hotchklss' device for purifying, 96. 

how purified witli carbonate of 
barytes, 47. 
how softened, 45 

impurities of, promote explosions, 
22. 

In the wells In the gravel above the 
" London clay," 30. 

Korte's device for puilfying, 106. 

lime in, how determined, 41. 

magnesia in» how determined, 41. 

matter In solution In, only remov- 
able by heat, 22 
suspension in, removable by fil- 
tration or settling, 22. 

mine, Shaw's apparatus for purify- 
ing, 51, 

North's process for treating, 87. 

organic substances in, how shown, 
4!. 

permanent hardness of, method of 
determining, 44 

purifier and heater, Ralj-a's, 53. 

purifying for steam boilers, 45-70. 

quantity of quicklime required for 
softening. 45. 

rain, 27. 

would not form incrustations in 
boilers, 32.. 

"Ralya's economizer, purifier, and 
heater for, 53. 
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Water, refractive power of, 25, 
river, 28. 

not likely to prime in either 
stationary or locomotive boil- 
ers, 32. 
sea, effects of, on boilers, 35. 
analysis of, 31. 

must be frequently blown off, 
35, 
silicic acid in, how determined, 41. 
sewage, caustic lime and caustic 

soda used for purifying, 48. 
Shaw's apparatus for purifying and 

heating. 51. 
softening, Embree's method for, 46. 
simple chemical test used in, 
46. 
sources of, 27. 
spring, 28. 

Strong's purifier and heater for, 65. 
sulphuric acid and sulphates, how 

recognized in, 40. 
temporary hardness of, 42. 
total hardness of, 42. 

how determined, 42. 
weight of an imperial gallon of, 24. 
Waters, class of, to which Clark's meth- 
od is applicable, 45. 
Dudley's process for purifying, 
mixed with the drainage of 
mines, 50. 
hard, 27. 

natural, compounds for purifying, 
45. 



Waters, no composition will prevent In- 
crustation with all, 71. 
selenitic, zinc useful with, 36. 
well, effects of, on boilers, 34. 
Well waters differ more than do river 

waters, 30. 
Wells in the gravel above the ' * London 
clay," water in, 30. 
the London clay, 31 
White lead, 73. 
Wishart's process, 86. 
Witherite, how used for purifying water, 

47. 
Wood charcoal, 72. 
fiber, 73. 



Youngblood and Holmes' boiler-scale 
collector, with illustrations and de- 
tailed description, 112, 113. 



Zinc, 37, 88, 73, 84, 85. 

how applied by Hannay's invention, 
37. 

is of little value against the car- 
bonates of lime, magnesia and 
iron, 36. 

plates, the use of is faulty, 36. . 

prevents the corrosion of marine 
boilers, 35. 

theory of, preventing corrosion of 
marine boilers, 36. 

useful with selenitic waters, 36. 



HOW TO KEEP BOILERS CLEAN '^ 

AND PREVENT 

EXPLOSIONSHECORROSION 

AS WELL AS 

FOAMlNG»BURNING 



HoTCHKiss Boiler Cleaner, 




RIVER, 

FOND, 

SPRING, 

LAKE, 

■«"-^,y.C' Well, City, 

-OR- 

MINE 



SIMPLE, INEXPENSIVE AND DURABLE. 



DESCRIPTION : 

The Fnnoel cooslantly skims the surface water of all impurities thrown to the surfece by 

ebullition, and conducts them to the Reservoir, where they all settle. The purilied 

water conlinuously reluming in the direction of the arrows to the Boiler. This 

operation never ceases so long as the steam is up, and a clean boiler is 

insured on opening day. 



"HOW TO KEEP BOILEBS CLEAN" 

Is the title of a seven[y-(wo-page book which will be sent FREE to any address, by 

JAMES F. HOTCHKISS, 

86 JOHN ST., NEW YORK. 



MISCELLANEOUS TESTIMONIALS. 



Allison & Addison, Manufacturers Fertiuzers and Acid Phosphates, 

Richmond, Va., June ii, 18S4. 
Jas. F. Hotchkiss: 

We authorize you to say that the Cleaner is entirely satisfactory, and we believe does what 
you claim for it. Your^ respectfully, ALLISON & ADDISON. 

Richmond, June 28, 1884. 
Please send as quickly as you can two (2) more Boiler Cleaners. This order shows what 
we think of the one we have had in use for some months better than anything we could say. 
RespectfuUy, ALLISON & ADDISON. 

Sugar Refinery, Girard corner Commerce, 

Wm. Henderson, Dealer in Sugar and Molassf^, 

New Orleans, March 26, 1884. 
Jas. F. Hotchkiss, 

Sir : I enclose my check on your city for amount of bill for three (3) Cleaners shipped me. 
The report I have of the working of the Qeaners is quite feivorable. The boilers are much 
cleaner than usual, much of the sur^ce being entirely clean, and the old scale is detached a 
great deal, and promises to drop off entirely. The boilers are not quite clean and free from 
scale, but I am confident they soon wiH be. Yours, truly, WM^ HENDERSON. 



Office of Silver Glance Mining Cobipany, 

Idaho Springs, Colo., January 15, 1884. 
jAs. F. Hotchkiss, 

Sir : Received the Boiler Cleaner you sent us, and put it on the 20th. Am perfectly satis- 
fied with its work. The water we use is from the ming, and, as we are sinking the shaft, the 
water is very dirty, but after two weeks' use with the Cleaner attached we opened the boiler 
and not a particle of dirt or grit was to be found. 

Yours, etc., L. H. TOURTELLOTTE, Supt. 

Buckeye Mill Co., Marysville, Cal., May 4th, 1884. 
Sir : The Hotchkiss Cleaners are doing splendid work on our two boilers and are doing 
all that is claimed for them. Our president is now in the east and on his return will doubt- 
less have them put on the other boilers. Yours, truly, BUCKEYE MILL CO., 

Per F. H. Greely, Acting Pres. 

E. S. Ward & Co., Manufacturers of Patent and Enameled Leather, 

Norfolk and Richmond Streets, Newark, N. J., January 4, 1884. 
Jas. F. Hotchkiss, 

Dear Sir : The Hotchkiss Boiler Qeaner you put on our boiler October 8th last does its 
work in a satisfactory manner, as &r as we can judge. It has taken out a considerable quan- 
tity of mud, and when we examined the boiler about six weeks after the Cleaner was at- 
tached, we found the condition to be the same as you represented it would be. In short, we 
beUeve that the Cleaner will do all that you claim for it Yours, truly, E. S. WARD & CO. 



Newark, January 4th, 1884. 
I have been at E. S. Ward & Co.'s factory a number of times when the blow-off from the 
Cleaner has been opened, and saw large quantities of mud blown out, showing that the ma- 
chine does its work. OSCEOLA CURRIER. Machinist. 



J. S. Ellifritz & Co., Hillsboro' Woolen Mills, 

HiLLSBORo', Ohio, November 21, 1883. 
Jas. F. Hotchkiss, 86 John St., New York, 

Sir : Enclosed find draft on New York for Boiler Cleaner purchased of you some time ago. 
Would have remitted ere this, but our cleaner did not work (until lately) to our satisfection, 
and all on our own account, from not having it set all right ; did not get the funnel low 
enough ; but since we have got it right it works Uke a charm, and are better pleased with it 
every day we use it. Run the last four weeks since opened, and only found one quarter pint 
of sediment in the boiler. You will please ship one to our neighbors, Messrs. Heistand & 
Cowman, of this place. Yours, respectfully, J. S. ELLIFRITZ & CO. 
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HoosAC Mining and Milling Co., Idaho Springs, Colo., December 28, 1883. 
Jas. F. Hotchkiss, 86 John St., New York, 

Dear Sir : I am waiting to test your Cleaners in water from our shaft while sinking, as 
our water for boilers all comes from under ground. As soon as this test is made of them I 
will forward you certificate and check for the amount. So far as tested they are superb. 
Yours, respectfully, J. V. W. VANDENBURG, Manager. 

Laflin and Rand Powder Co., 29 Murray St., New York, February 8th, 1883. 
Jas. F. Hotchkiss, Esq., 

Dear Sir : On learning that our Powder Works at Platte ville. Wis., were using a so-called 
" Purvis Boiler Cleaner," we instructed our manager there to notify Messrs. Purvis & Rey- 
nolds, of Chicago, to remove the same and refund our money paid in error. We instructed 
Mr. Collier, manager, to advise Messrs. Purvis & Reynolds to desist from the use of our name 
in any manner. We learn at this date that Messrs. Purvis & Reynolds not only continue to 
use our name, but have changed the language and date of a testimonial, given after about 
two months' trial of their " cleaner," which is without our consent and apparently attempting 
to deceive the public. You have permission to publish this if desirable, together with the 
statement that having the *< Hotchkiss Cleaner" at our different mills, we consider it the origi- 
nal, the best, and the cheapest, and we do not endorse any imitation knowingly. You may 
send one of your «« Cleaners" to our mills at Platteville, Wis., to take the place of the "Pur- 
vis " removed. Yours, truly, ' SOL. TURCK, Ptes, 

Carriage, Fire and Stove Bolts, Cleveland, Ohio, October 28th, 1882. 
Jas. F. Hotchkiss : 

We enclose herewith draft for settlement of your invoice for three Boiler Cleaners. We 
are pleased to say that they work very satisfectorily. LAMSON, SE^ONS & CO. 

Union Rolling Mill Co., Newburgh, Ohio, April 24, 1882. 
Jas. F. Hotchkiss, Esq., New York, 

Dear Sir: Your favor of 22d inst. received, covering invoice of three Cleaners. Enclosed 
we remit you for same. We are much pleased with the Cleaners, and think without them 
would soon have tubes thoroughly covered. You can refer to me if desired. 

Yours, truly, J. MORGAN COLEMAN, Supt. 

The Empire Grain Drill and Excelsior Horse Yoke, 

Shortsville, Ontario Co., N. Y., May 10, 1882. 
Jas. F. Hotchkiss, New York, 

Dear Sir : For the past five months we have been using one of your mechanical Boiler 
Cleaners upon our 50 H. P. boiler. During that time the boiler has been in use night and 
day, and has never been blown off for examination. 

Last Friday, May 5, we had the boiler blown off, and the water that came fi'om it, to the 
last drop, was as clear as spring water and the sediment or scale remaining in the boiler could 
be held in one hand. You are at liberty to use our name as a reference as to the value of 
your device to boiler users, and we will cheerfully answer any inquiries you may refer to us. 
We are highly gratified with its operation, and lack of words only limits our expressions of 
admiration. 

We have given away our circular ; wish you would send us two or three more. The Star 
Paper Company, of this place, are rebuilding their mill, and are putting in three new 6c H. 
P. boilers. The Supt. was just in and wished a circular, and we told him we would get one 
for him. He has always been very skeptical as to its value and capacity to do the work for 
which it was recommended. He examined our boiler and pronounced it in finer shape than 
he ever saw one after so long usage. He told us that he would have one on each of his boil- 
ers. Trusting that you may secure their orders, we remain. 

Yours, etc., EMPIRE DRILL CO. 

H. B. BiGELOW & Co., Engine and Boiler Makers, 

New Haven, Conn., Aug. 9th, 1881. 
Mr. Jas. F. Hotchkiss, 86 John St., N. Y., 

Dear Sir : Repljring to yours of the 8th inst., would say that we have used your Boiler 
Cleaner for the pa<>t five years, having had it in constant use, and we consider it the most rea- 
sonable and satis&ctory Cleaner that we have ever heard of. We cheerfully recommend it to 
any one that is using a boiler, as it will certainly keep the boiler remarkably clean. 

Yours, truly, H. B. BIGELOW & CO. 
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THE BEST BOILER FEEDER 

IMPROVED STEAM-PUMP. 



GEO. F. BLAKE MAN'F. CO.. 

95 and 97 LIBERTY ST., NEW YORK. 



^KNOWLES' PATENT STEAM-PUMP.H' 

THE STANDARD. 



ADAPTED TO KVKRY POSSIBLE SERVICE. 



KNOWLES' STEAM-PUMP WORKS, 

03 UBERTY ST., INEAV YOItK. 



T HE= 



;m.t. davidson|^ 



-IMPROVED- 



Steam-Pum ps,^ Pumpimg Engines, 

FOB ALL SITUATIONS. 



—IS WARRANTED TO BE THE- 



MOST SIMPLE, EFFICIENT, DURABLE AND 
ECONOMICAL STEAM-PUMP MADE. 



Davidson Steam-Pump Co,, 

77 Liberty Street,. jSTew York. 



^ FOR EVERY DUTY, 

Best 
Boiler Feed 
PUMPS 
In the 
World. 
Aom«. Bucke t Plunger. 

VALLEY MACHINE CO., 

Easthampton, Mas&« 



STILLWELL'S Pi^TENT 

-!f HEATER AND FILTER COMBINED^ 

Is the Only Lime- Extracting Heater that will 
PREVENT SCALE IN STEAM BOILERS, 

Removing all imparities from the water before it enters the tioiier. Thoroughly tested; over 
3,000 OF TUEM IX DAILY VSE. 



EEiXi'O'eTBA.T BP CA.X.A.X.CS'TT'E 



STILLWELL & BIERCE MANXJF'G CO., 

DAYXOBJ, OHIO. 




CRESCENT 

BOILER 
COMPOUND. 



FEICKl'COMPANT, 

WAYNESBORO', PA., U. S. A. 



-MANUFACTUKEBS OF THE— 
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OF 

practical and Scientific Boo^^ 



PUBLISHED BY 



Henry Carey Baird & Co. 

INDUSTRIAL PUBLISHERS. BOOKSELLERS AND IMPORTERS. 

810 Walnut Street, f hiladelphia. 



4ar* Any of the Books oomprised in this Oatalogne will be gent by mail, fret il 
poitage, to any address in the world, at the publication prices, 

4^ A DesoriptiTe Oatalo|^e,84pftg«>f Sto., will be sent free and free of postage 
to any one in any pi^ of the world, who will famish his addressi 

4ar* Where not otherwise stated, all of the Books in this Catalo^e are booacl 

in mnslin. 



AMATEUR MECHANICS' WORKSHOP: 

A treatise containing plain and concise directions for the manipula- 
tion of Wood and Metals, including Casting, Forging, Brazing, 
Soldering and Carpentry. By the author of the " Lathe and Its 
Uses." Seventh edition. Illustrated. Sto. . . $2.50 

ANDRES.^A Practical Treatise on the Fabrication of VoIatUe 
and Fat Varnishes, Lacquers, Siccatives and Sealing 
Waxes. 
From the German of Erwin Andres, Manufacturer of Vamishca 
and Lacquers. With additions on the Manufacture and Application 
of Varnishes, Stains for Wood, Horn, Ivory, Bone and Leather. 
From the German of Dr. Emil Winckler and Louis E. Andes. 
The whole translated and edited by William T. Brannt. With 11 
illustrations. l2mo. ^2.50 

ARLOT.— A Complete Guide for Coach Painters : 

Translated from the French of M. Arlot, Coach Painter, for 
eleven years Foreman of Painting to M. Eherler, Coach Maker, 
Paris. By A. A. Fesquet, Chemist and Engineer. To which is 
added an Appendix, containing Information respecting the Materials 
and the Practice of Coach and Car Painting and Varnishing in the 
United States and Great Britain ^2vnn. i$I-25 

(•) 



HENRY CAREY BAIRD & CO.'S CATALOGUE. 



A.RMENGAUD, AMOROUX, AND JOHNSON.— The Practi. 
cal Draughtsman's Book of Industrial Design, and Ma-^ 
chinist*s and Engineer's Drawing Companion : 
Forming a Complete Course of Mechanical Engineering and Archi- 
tectural Drawing. From the French of M. Armengaud the elder, 
Prof, of Design in the Conservatoire of Arts and Industry, Paris, and 
MM. Armengaud the younger, and Amoroux, Civil Engineers. Re- 
written and arranged with additional matter and plates, selections from 
and examples of the most useful and generally employed mechanism 
of the day. By William Johnson, Assoc. Inst. C. E. Illustrated 
by fifty folio steel plates, and fifty wood-cuts. A new edition, 4to,,^ 
half morocco ......... $10.00 

ARMSTRONG.— The Construction and Management of Steam 
Boilers : 
By R. Armstrong, C. E. With an Appendix by Robert Mallet, 
C. E., F. R. S. Seventh Edition. Illustrated, i vol. i2mo. 75 

ARROWSMITH.— Paper- Hanger's Companion : 
A Treatise in which the Practical Operations of the Trade are 
Systematically laid down: with Copious Directions Preparatory td 
Papering"; Preventives against the Effect of Damp on Walls; the 
various Cements and Pastes Adapted to the Several Purposes oi 
the Trade; Observations and Directions for the Panelling and 
Ornamenting of Rooms, etc. By James Arrowsmith. i2mo., 
cloth ^1.25. 

ASHTON. — The Theory and Practice of the Art of Designing 
Fancy Cotton and Woollen Cloths from Sample : 
Giving full instructions for reducing drafts, as well as the methods of 
sjx)oling and making out harness for cross drafts and finding any re- 
quired reed; with calculations and tables of yarn. By Frederic T. 
AsHTON, Designer, West Pittsfield, Mass. With fifty-two illustrations. 
One vol. folio $6.00 

ASKIN SON. —Perfumes and their Preparation : 

A Comprehensive Treatise on Perfumery, containing Complete 
Directions for Making Handkerchief Perfumes, Smelling- Salts, 
Sachets, Fumigating Pastils ; Preparations for the Care of the Skin, 
the Mouth, the Hair; Cosmetics, Hair Dyes, and other Toilet 
Articles. By G.W. Askinson. Translated from the German by IsiDOR 
FuRST. Revised by Charles Rice. 32 Illustrations. 8vo. ^3.00 

BAIRD. — Miscellaneous Papers on Economic Questions. 
By Henry Carey Baird. {^In preparation.) 

BAIRD. — The American Cotton Spinner, and Manager's and 
Carder's Guide: 

A Practical Treatise on Cotton Spinning ; giving the Dimensions and 
Speed of Machinery, Draught and Twist Calculations, etc. ; with 
notices of recent Improvements : together with Rules and Examples 
for making changes in the sizes and numbers of Roving and Yam. 
Compiled from the papers of the late Robert H. Baird. i2mo. 



HENRY CAREY BAIRD & CO/S CATALOGUE. 



BAIRD.— Standard Wages Computing Tables : 
An Improvement in all former Methods of Computation, so arranged 
that wages for days, hours, or fractions of hours, at a specified rate 
per day or hour, may be ascertained at a glance. By T. Spangler 
Baird. Oblong folio . . . ... . I5.00 

3AKER.— Long- Span Railway Bridges: 
Comprising Investigations of the Comparative Theoretical and 
Practical Advantages of the various Adopted or Proposed Type 
Systems of Construction ; with numerous Formulae and Tables. By 
B. Baker. i2mo. I1.50 

BAKER. — The Mathematical Theory of the Steam-Engine : 
With Rules at length, and Examples worked out for the use of 
Practical Men. By T. Baker, C. E., with numerous Diagrams. 
Sixth Edition, Revised by Prof. J. R. YoUNG. l2mo. . 75 

BARLOW. — The History and Principles of Weaving, by 
Hand and by Power : 
Reprinted, with Considerable Additions, from " Engineering," with 
a chapter on Lace-making Machinery, reprinted from the Journal of 
the •• Society of Arts." By Alfred Barlow. With several hundred 
illustrations. 8vo., 443 pages |io.oo 

BARR. — A Practical Treatise on the Combustion of Coal: 
Including descriptions of various mechanical devices for the Eco- 
nomic Generation of Heat by the Combustion of Fuel, whether solid, 
liquid or gaseous. 8vo ^2.50 

BARR. — A Practical Treatise on High Pressure Steam Boilers: 
Including Results of Recent Experimental Tests of Boiler Materials, 
together with a Description of Approved Safety Apparatus, Steam 
Pumps, Injectors and Economizers in actual use. By Wm. M. Barr. 
204 Illustrations. 8vo. . ..... $3.00 

BAUERMAN.— A Treatise on the Metallurgy of Iron : 

Containing Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analysis of Iron Ores, Processes of Manufacture of Iron 
and Steel, etc., etc. By H. Bauerman, F. G. S., Associate of th« 
Royal School of Mines. Fifth Edition, Revised and Enlarged. 
Illustrated with numerous Wood Engravings from Drawings by J. B. 
Jordan. i2mo ^2.oc 

BAYLES. — House Drainage and Water Service : 
In Cities, Villages and Rural Neighborhoods. "With Incidental Con. 
sideration of Certain Causes Affecting the Healthfulness of Dwell* 
ings. By James C. Bayles, Editor of " The Iron Age " and " The 
Metal Worker." "With numerous illustrations. 8vo. cloth, 

BEANS. — A Treatise on Railway Curves and Location of 
Railroads : 
By E. W. Beans, C. E. Illustrated. i2mo. Tucks . I1.50 

BECKETT.— A Rudimentary Treatise on Clocks, and Watches 

and Bells : 

By Sir Edmund Beckett, Bart., LL. D., Q. C. F. R. A. S. With 

numerous illustrations. Seventh Edition, Revised and Enlarged. 

izwc ^2.25 
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BELL. — Carpentry Made Easy: 

Or, The Science and Art of Framing on a New and Improved 
System. With Specific Instructions for Building Balloon Frames, Barn 
Frames, Mill Frames, Warehouses, Church Spires, etc. Comprising 
also a System of Bridge Building, with Bills, Estimates of Cost, and 
valuable Tables. Illustrated by forty-four plates, comprising nearly 
200 figures. By William E. Bell, Architect and Practical Builder. 
8vo. $S-oo 

BEMROSE. — Fret-Cutting and Perforated Carving: 

With fifty-three practical illustrations. By W. Bemrose, Jr. i vol' 
quarto ^2.50 

BEMROSE. — Manual of Buhl- work and Marquetry: 

With Practical Instructions for Learners, and ninety colored designs. 
By W. Bemrose, Jr. i vol. quarto .... $3.00 

BEMROSE.— Manual of Wood Carving: 

With Practical Illustrations for Learners of the Art, and Original and 
Selected Designs. By William Bemrose, Jr. With an Intro- 
duction by Llewellyn Jewitt, F. S. A., etc. With 128 illustra- 
tions, 4to. $2.50 

BILLINGS.— Tobacco : 
Its History, Variety, Culture, Manufacture, Commerce, and Various 
Modes of Use. By E. R. Billings. Illustrated by nearly 200 
engravings. 8vo fo*0C 

BIRD. — Tbe American Practical Dyers' Companion : 

Comprising a Description of the Principal Dye-Stuffs and Chemicals 
used in Dyeing, their Natures and Uses ; Mordants, and How Made ; 
with the best American, English, French and German processes for 
Bleaching and Dyeing Silk, Wool, Cotton, Linen, Flannel, Felt^ 
Dress Goods, Mixed and Hosiery Yarns, Feathers, Grass, Felt, Fur, 
Wool, and Straw Hats, Jute Yarn, Vegetable Ivory, Mats, Skins, 
Furs, Leather, etc., etc. By Wood, Aniline, and other Processes, 
together with Remarks on Finishing Agents, and Instructions in the 
Finishing of Fabrics, Substitutes for Indigo, Water-Proofing of 
Materials, Tests and Purification of Water, Manufacture of Aniline 
and other New Dye Wares, Harmonizing Colors, etc., etc. ; embrac- 
ing in all over 800 Receipts for Colors and Shades, accompanied by 
170 Dyed Samples of Raw Materials and Fabrics. By F. J. Bird, 
Practical Dyer, Author of " The Dyers' Hand- Book.'* 8vo. $10.00 

BLINN. — A Practical Workshop Companion for Tin, Sheet* 
Iron, and Copper-plate Workers : 
Containing Rules for describing various kinds of Patterns used by 
Tin, Sheet-Iron and Copperplate Workers; Practical Geometry; 
Mensuration of Surfaces and Solids ; Tables of the Weights of 
Metals, Lead-pipe, etc.; Tables of Areas and Circumferencef 
of Circles ; Japan, Varnishes, Lackers, Cements, Comprsitions, etc., 
etc. By Leroy J. Blinn, Master Mechanic. With One Hundred 
and Seventy lUubtrations. i2mo ^2.50 
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BOOTH .'Marble Worker's Manuia: 

Containing Practical Information respecting Marbles in general » theii 
Cutting, Working and Polishing ; Veneering of Marble ; Mosaics ; 
Composition and Use of Artificial Marble, Stuccos, Cements, Receipts, 
Secrets, etc., etc. Translated from the French by M. L. Booth. 
With an Appendix concerning American Marbles. i2mo., cloth I1.50 
BOOTH and MORFIT.— The Encyclopaedia of Chemistry, 
Practical and Theoretical : 
Embracing its application to the Arts, Metallurgy, Mineral<^, 
(Jeology, Medicine and Pharmacy. By James C. Booth, Melter 
and Refiner in the United States Mint, Professor of Applied Chem- 
istry in the Franklin Institute, etc., assisted by Campbell Morfit, 
author of " Chemical Manipulations," etc. Seventh Edition. Com- 
plete in one volume, royal 8vo., 978 pages, with numerous 'wood-cuts 
and other illustrations - fc'5^ 

BRAMWELL.— The Wool Carder's Vadc-Mecum • 
A Complete Manual of the Art of Carding Textile Fabrics. Bf W, 
C. Bramwell. Third Edition, revised and eiilarged. Illustrated. 
Pp. 400. i2mo ^^2.50 

BRANNT.— A Practical Treatise on Animal and Vegetable 
Pats and Oils : 
Comprising lx)th Fixed and Volatile Oils, their Physical and Chemi- 
cal Properties and Uses, the Manner of Extracting and Refining 
them, and Practical Rules for Testing them ; as well as the Manu- 
facture of Artificial Butter, Lubricants, including Mineral Lubricating 
Oils, etc., and on Ozokerite. Edited chiefly from the German of 
Drs. Karl Schaedler, G. W. Askinson, and Richard Brunner, 
with Additions and Lists of American Patents relating to the Extrac- 
tion, Rendering, Refining, Decomposing, and Bleaching of Fats and 
Oils. By William T. Brannt. Illustrated by 244 engravings. 
739 pcigcS' Svo 17*50 

BRANNT.— A Practical Treatise on the Manufacture of Soap 
and Candles : 
Based upon the most Recent Experiences in the Practice and Science ; 
compri.sing the Chemistry, Raw Materials, Machinerv. and Utensils 
and Various Processes of Manufacture, including a great variety of 
formulas. Edited chiefly from the German of Dr. C. Deite, A. 
Engelhardt, Dr. C. Schaedler and others ; with additions and lists 
of American Patents relating to these subjects. By Wm. T. Brannt. 
Illustrated by 1^3 engravings. 677 pages. 8vo. . . l7«50 

BRANNT.— A Practical Treatise on the Raw M.'iterials and the 
Distillation and Rectification of Alcohol, and the Prepara- 
tion of Alcoholic Liquors, Liqueurs, Cordials, Bitters, etc. ; 
Edited chiefly from the German of Dr. K. Stammer, 1 >r. F. Eisner, 
and E. Schubert. By Wm. T. Brannt. Illustrated by thirty-one 
engravings. i2mo. $2.50 
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BRANNT— WAHL.— The Techno- Chemical Receipt Bookt 

Containing several thousand Receipts covering the latest, most «fB 
portant, and most useful discoveries in Chemical Technology, am 
their Practical Application in the Arts and the Industries. Editec 
chiefly from the German of Drs. Winckler, Eisner, Heintze, Mier 
zinski, Jacobsen, Koller, and Heinzerling, with additions by Wm. !• 
Brannt and Wm. H. Wahl, Ph. D. Illustrated by 78 engravings. 
:2mo. 495 pagec; $2.09 

BROWN. — Five Hundred and Seven Mechanical Movements . 
Embracing all those which are most important in Dynamics, Hy- 
draulics, Hydrostatics, Pneumatics, Steam-Engines, Mill and other 
Gearing, Presses, Horology and Miscellaneous Machinery; and in 
eluding many movements never before published, and several of 
which have only recently come into use. By Henry T, Brown 
i2mo. Ji.oo 

BUCKMASTER.— The Elements of Mechanical Ph3r8ic8 : 
By J. C. BucKMASTER. Illustrated with numerous engravings. 
i2mo Ii.oo 

BULLOCK. — The American Cottage Builder : 
A Series of Designs, Plans and Specifications, from $200 to ^20,000, 
for Homes for the People; together with Warming, Ventilation, 
Drainage, Painting and Landscape Gardening. By John Bullock, 
Architect and Editor of "The Rudiments of Architecture and 
Building,** etc., etc. Illustrated by 75 engravings. 8vo. S3.5Q 

I3ULLOCK. — The Rudiments of Architecture and Building : 
For the use of Architects, Builders, Draughtsmen, Machinists, En- 
gineers and Mechanics. Edited by John Bullock, author of " The 
American Cottage Builder." Illustrated by 250 En^avings. 8vo. $3.30 

BURGH. — Practical Rules for the Proportions of Modem 
Engines and Boilers for Land and Marine Purposes. 
By N. P. Burgh, Engineer. i2mo. . I1.50 

BYLES. — Sophisms of Free Trade and Popular Political 

Economy Examined. 

By a Barrister (Sir John Barnard Byles, Judge of Common 

Pleas). From the Ninth English Edition, as published by Ihe 

Manchester Reciprocity Association. i2mo. . . . $1.25 

BOWMAN.— The Structure of the Wool Fibre In Its Relation 
to the Use of Wool for Technical Purposes : 
Being the substance, with additions, of Five Lectures, deliverea at 
the request of the Council, to the members of the Bradford Technical 
College, and the Society of Dyers and Colorists. By F. H. Bow 
man, D. Sc, F. R. S. E., F. L. S. Illustrated by 32 engravin^^s. 
8vo 1^6.50 

CKYRNE.-— Hand- Book for the Artisan, Mechanic, and Engi- 
neer: 
Comprising the Grinding and Sharperfing of Cutting Tools, Abi-a- ^e 
Processes, Lapidary Work, Gem and Glass Engraving, Varnishine 
and Lackering, Apparatus, Materials and Processes for Grinding and 
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Fblishing, etc. By Oliver Byrn£. Illustrated by 185 waod en- 
gravings. 8vo. $$»oo 

BYRNE.— Pocket-Book for Railroad and Civil Engineers : 
Containing New, Exact and Concise Methods for Laying out Railroad 
Curves, Switches, Frog Angles and Crossings ; the Staking out of 
work ; Levelling ; the Calculation of Cuttings ; Embankments ; Earth- 
work, etc. By Oliver Byrne. iSmo., full boun'd, pocket-book 
form .......... $^'7S 

BYRNE.— The Practical Metal- Worker's Assistant : A 

Comprising Metallurgic Chemistry ; the Arts of Working all Metals 
and Alloys; Forging of Iron and Steel ; Hardening and Tempering; 
Melting and Mixing; Casting and Founding ; Works in Sheet Metal; 
the Processes Dependent on the Ductility of the Metals; Soldering; 
and the most Improved Processes and Tools employed by Metal- 
workers. With the Application of the Art of Electro-Metallurgy to 
Manufacturing Processes ; collected from Original Sources, and from 
the works of Holtzapffel, Bergeron, Leupold, Plumier, Napier, 
Scoffern, Clay, Fairbairn and others. By Oliver Byrne. A new, 
revised and improved edition, to which is added an Appendix, con* 
taining The Manufacture of Russian Sheet-Iron. By John Percy, 
M. D., F. R. S. The Manufacture of Malleable Iron Castings, and 
Improvements in Bessemer Steel. By A. A. Fesquet, Chemist and 
Engineer. With over Six Hundred Engravings, Illustrating every 
Branch of the Subject. 8vo ^5-00 

BYRNE.— The Practical Model Calculator: 

For the Engineer, Mechanic, Manufacturer of Engine Work, NaVa» 
Architect, Miner and Millwright. By Oliver Byrne. 8vo., nearly 
600 pages . . . ' . . I . H^S-OO 

CABINET MAKER'S ALBUM OF FURNITURE: 
Comprising a Collection of Designs for various Styles of Furniture. 
Illustrated by Forty-eight Large and Beautifully Engra> -^d Plates. 
Oblong, 8vo $2.00 

CALLINGHAM.— Sign Writing &nd Glass Embossing: 
A Complete Practical Illustrated Manual of the Art. By James 
Callingham. i2mo $1.50 

CAM PIN. — A Practical Treatise on Mechanical Engineering: 
Comprising Metallurgy, Moulding, Casting, Forging, Tools, Work, 
shop Machinery, Mechanical Manipulation, Manufacture of Steam* 
Engines, etc. With an Appendix on the Analysis of Iron and Iron 
Ores. By Fpancis Campin, C. E. To which are added. Observations 
QQ the Construction of Steam Boilers, and Remarks upon Furnaces 
used for Smoke Prevention ; with a Chapter on Explosions. By R, 
Armstrong, C. E., and John Bourne. Rules for Calculating the 
Change Wheels for Screws on a Turning Lathe, and for a Wheeii^ 
cutting Machine. By J. La Nicca. Management of Steel, Includ-; 
ing Forging, Hardening, Tempering, Annealing, Shrinking and 
Expansi>>n ; and the Case-hardening of Iron. By G. Edf. 8vo. 
Illustrated with twenty-nine plates and 100 wood engravings $.§.oa 
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CAREY.— A Memoir of Henry C. Carey. 
By Dr. \Vm. Elder, With a portrait. 8vo., cloth , . 9S 

CAREY.— The Works of Henry C. Carey : 

Harmony of Interests : Agricultural, Manafacturing and Commer 
cial. 8vo. ..... . . $1.2$ 

Manual of Social Science. Condensed from Carey's " Principles 
of Social Science." By Kate McKean. i vol. i2mo. . $2.00 
Miscellaneous Works. With a Portrait. 2 vols. 8vo. j| 10.00 

Past, Present and Future. 8vo I2.50 

Principles of Social Science. 3 volumes, 8vo. . iToO 

The Slave-Trade, Domestic and Foreign; Why it Exists, and 
How it may be Extinguished (1853). 8vo. . . . $2.CO 
The Unity of Law : As Exhibited in the Relations of Physical, 
Social, Mental and Moral Science (1872). 8vo. . . 1^2.50 

CLARK. — Tramways, their Construction and Working : 

Embracing Comprehensive History of the System. With an ex- 
hanstive analysis of the various modes of traction, including horse< 
power, steam, heated water and compressed air; a description of the 
varieties of Rolling stock, and ample details of cost and working ex- 
penses. By D. KiNNEAR Clark. Illustrated by over 200 wood 

• engravings, and thirteen folding plates. 2 vols. 8vo. . $12.$0 

COLBURN.— The Locomotive Engine : 

Includini^ a Description of its Structure, Rules for Estimating its 

- Capabilities, and Practical Observations on its Construction and Man- 
agement. By Zerah Colburn. Illustrated. i2mo. . $1.00 

COLLENS.— The Eden of Labor; or, the Christian Utopia. 
By T. Wharton Collens, author of " Humanics," " The History 
of Charity,*' etc. i2mo. Paper cover, $1.00; Cloth . $l»2$ 

COOLEY. — A Complete Practical Treatise on Perfumery: 
Being a Hand-book of Perfumes, Cosmetics and other Toilet Articles. 
With a Comprehensive Collection of Formula. By ARNOLD J 
CooLEY. i2mo ^1.50 

COOPER.— A Treatise on the use of Belting for the Trans, 
mission of Power. 
With numerous illustrations of approved and actual methods of ar* 
ranging Main Driving and Quarter Twist Belts, and of Belt Fasten 
ings. Examples and Rules in great number for exhibiting and cal- 
culating the size and driving power of Belts. Plain, Particular and 
Practical Directions for the Treatment, Care and Manigement o'' 
Belts. Descriptions of many varieties of Beltings, toj^ether witn 
chapters on the Transmission of Power by Ropes; by Iron and 
Wood Frictional Gearing ; on the Strength of Belting Leather ; and 
on the Experimental Investigations of Morin, Briggs, and others. By 
John H. Cooper, M. E. 8vo $5*S<i 

CRAIK.~The Practical American Millwright and M^ler. 
By David Craik, Millwright. Illustrated by numerous wood en- 
geavings and two folding plates. 8vo $3'SO 
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CRBW. — ^A Practical Treatise on Petroleom : 

Comprising its Origin, Geology, Geographical Distribution, History, 
Cliemistry, Mining, Technology, Uses and Transportation. Together 
with a Description of Gas Wells, the Application of Gas a3 Fuel, etc. 
By Benjamin J. Crew. With an Appendix on the Product and 
Exhaustion of the Oil Regions, and the Geology of Natural Gas in 
Pennsylvania and New York. By Charles A. Ashburner, M. S.. 
Geologist in Charge Pennsylvania Survey, Philadelphia. Illustrated 
by 70 engravings. 8vo. 508 pages .... J)>.oo 

iCROSS. — Tlie Cotton Yam Spinner: 

Showing how the Preparation should be arranged for Different 
Counts of Yarns by a System more uniform than has hitherto been 
practiced ; by having a Standard Schedule from which we make all 
our Changes. By Richard Cross. 122 pp. i2mo. . 75 

CRI8TIANI.— A Technical Treatise on Soap and Candles: 

With a Glance at the Industry of Fats and Oils. By R. S. Cris 
TIANI, Chemist. Author of " Perfumery and Kindred Arts." Illus- 
trated by 176 engravings. 581 ps^es, 8vo. . . . j| 15*00 

CRISTIANI. — Perfumery and Kindred Arts : 

A Comprehensive Treatise on Perfumery, containing a History of 
Perfumes from the remotest ages to the present time. A complete de- 
tailed description of the various Materials and Apparatus used in the 
Perfumer's Art, with thorough Practical Instruction and careful For- 
mulae, and advice for the fabrication of all known preparations of 
the day. By R. S. Cristiani, Consulting Chemist and Perfumer, 
Philadelphia. 8vo j|io.oo 

COAL AND METAL MINERS' POCKET BOOK: 

Of Principles, Rules, Formulae, and Tables, Specially Compiled 
and Prepared for the Convenient Use of Mine Officials, Minittg En* 
gineers, and Students preparing themselves for Certificates of Compe« 
tency as Mine Inspectors or Mine Foremen. Revised and Enlargec} 
edition. Illustrated, 565 pages, small i2mo., cloth j|2.0Q 

Pocket book form, flexible leather with flap . $2.75 

DAVIDSON.— A Practical Manual of House Paintia^, Qrai»« 
ing, Marbling, and Sign- Writing : 
Containing full information on the processes of House Painting ia 
Oil and Distemper, the Formation of Letters and Practice of Sign-' 
Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House Painters, Writers, etc., and a Collection of Useful 
Rec^pts. With nine colored illustrations of Woods and Marbles^ 
and namerous wood engravings. By Ellis A. Davidson. i2mo. 

fe.oo 

DA VIES. — ^A Treatise on Earthy and Other Minerals and 
Mining : 
By D. C. Davies, F. G. S., Mining Engineer, etc. Illustrated by 
76 Engravings. i2mo $5.or^ 
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DAVIBS.—A Treatise on Metalliferous Minerals and Minings 
By D. C. Davies, F. G. S.. Mining Engineer, Examiner of Mine& 
Quarries and Collieries. Illustrated by 148 engravings of Geological 
Formations, Mining Operations and Machinery, drawn from th* 
practice of all parts of the world. 2d Edition, i2mo., 450 pages JI5.00 

DAVIES. — A Treatise on Slate and Slate Quarrying: 
Scientific, Practical and Commercial. By D. C. Davies, F. G. S., 
Mining Engineer, etc. With numerous illustrations and folding 
plates, xamo. $2.03 

DAVIS. — A Treatise on Steam-Boiler Incrustation and Meth* 
ods for Preventing Corrosion and the Formation of Scale .* 
By Charles T. Davis. Illustrated by 65 engravings. 8vo. I1.50 

DAVIS. — The Manufacture of Paper : 

Being a Description of the various Processes for the Fabrication, 
Coloring and Finishing of every kind of Paper, Including the Dif- 
ferent Raw Materials and the Methods for Determining their Values, 
the Tools, Machines and Practical Details connected with an intelli- 
gent and a profitable prosecution of the art, with special reference to 
the best American Practice. To which are added a History of Pa- 
per, complete Lists of Paper-Making Materials, List of American 
Machines, Tools and Processes used in treating the Raw Materials, 
and in Making, Coloring and Finishing Paper. By Charles T. 
Davis. Illustrated I7 156 engravings. 608 pages, 8vo. $6.00 

DAVIS. — The Manufacture of Leather: 

Bang a description of all of tl Processes for the Tanning, Tawing, 
Currying, Finishing and Dyeing of every kind of Leather ; including 
the varioiis Raw Materials and the Methods for Determining their 
Values; the Tools, Machines, and all Details of Importance con- 
nected with an Intelligent and Profitable Prosecution of the Art, with 
Special Reference to the Best American Practice. To which are 
added Complete Lists of all American Patents for Materials, Pro- 
cesses, Tools, and Machines for Tanning, Currying, etc. By Charles 
Thomas Davis. Illustrated by 302 engravings and 12 Samples of 
Dyed Leathers. One vol., 8vo., 824 pages . . . Iio.oo 

DAWIDOWSKY— BRANNT.— A Practical Treatise on the 

Raw Materials and Fabrication of Glue, Gelatine, Gelatine 

Veneers and Foils, Isinglass, Cements, Pastes, Mucilages, 

etc.: 

Eased upon Actual Experience. By F. Dawidowsky, Technical 

Chemist. Translated from the German, with extensive additions, 

including a description of the most Recent American Processe>, by 

William T. Brannt, Graduate of the Royal Agricultural College 

of Eldena, Prussia. 35 Engravings. l2mo. . . . I2.50 

D£ GRAFF.— The Geometrical Stair-Builders* Guide : 
Being a Plain Practical System of Hand-Railing, embracing all itl 
necessary Details, and Geometrically Illustrated by twenty- two Steel 
Engravings ; together with the use of the most approved pnnciplef 
of Practical Geometry. By Simon De Graff, Architect 410. 
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DE KONINCK—DIBTZ.— A Practical Manual of Chemical 
Analysis and Assaying : 

As applied to the Manufacture of Iron from its Ores, and to Cast Iron* 

Wrought Iron, and Steel, as found in Commerce. By L. L. De 

KoNiNCK, Dr.^Sc, and E. Dietz, Engineer. Edited with Notes, by 

Robert Mallet, F. R. S., F. S. G., M. I. C. E., etc. American 

Edition, Edited with Notes and an Appendix on Iroc Ores, by A. A. 

Fesquet, Chemist and Engineer. i2mo. . • . I1.50 

DUNCAN.*- Practical Surveyor's Guide: 

Containing the necessary information to make any person of com* 
mon capacity, a finished land surveyor without the aid of a tencher 
By Andrew Duncan. Revised. 72 engravings, 214pp. i2mo. I1.50 

DUPLAIS.— A Treatise on the Manufacture and Distillation 
of Alcoholic Liquors : 
Comprising Accurate and Complete Details in Regard to Alcohol 
from Wine, Molasses, Beets, Grain, Rice, Potatoes, Sorghum, Aspho 
del. Fruits, etc. ; with the Distillation and Rectification of Brandy, 
Whiskey, Rum, Gin, Swiss Absinthe, etc., the Preparation of Arc* 
matic Waters, Volatile Oils or Essences, Sugars, Syrups, Aromatic 
Tinctures, Liqueurs, Cordial Wines, Effervescing Wines, etc., tiM 
Ageing of Brandy and the improvement of Spirits, with Copioaa 
Directions and Tables for Testing and Reducing Spirituous Liqaon^ 
etc., etc. Translated and Edited from the French of MM. DuPLAis, 
AinA et Teune. By M. McKennie, M. D. To which are added the 
United States Internal Revenue Regulations for the Assessment and 
Collection of Taxes on Distilled Spirits. Illustrated by fourteea 
folding plates and several wood engravings. 743 pp. 8vo. j|io 00 

tJSSAUCB.— Practical Treatise on the Fabrication of Matches, 

Qun Cotton, and Fulminating Powder. 
By Professor H. Dussauce. i2mo. . . , jl3 00 

DYER AND COLOR-MAKER'S COMPANION: 

Containing upwards of two hundred Receipts for making Colors, on 
the most approved principles, for all the various styles and fabrics now 
in existence ; with the Scouring Process, and plain Directions for 
Preparing, Washing-off, and Finishing the Goods. i2mo. $1.00 

EDWARDS. — A Catechism of the Marine Steam-Engine, 
For the use of Engineers, Firemen, and Mechanics. A Practical 
Work for Practical Men. By Emory Edwards, Mechanical Engi- 
neer. Illustrated by sixty-three Engravings, including examples of 
the most modern Engines. Third edition, thoroughly revised, with 
much additional matter. 12 mo. 414 pages . . . j|2 00 

EDWARDS. — Modem American Locomotive Engines, 
Their Design, Construction and Management. By Emory £dwaU)8» 
Illustrated i2mo ^.00 

EDWARDS.— The American Steam Engineer : 

Theoretical and Practical, with examples of the latest and most ap- 
proved American practice in the design and construction of Steam 
Engines and Boilers. For the use of engineers, machinists, boiler- 
v^ers, and engineering students. By Emory Edwards. Fully 
iUiistrated, 419 pages, ismo. • . • • $2,$i> 
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CDWARDS. — Modem American Marine Engines, BoilefByail* 

Screw Propellers, 
Their Design and Construction. Showing the Present Praaice of 
the most Eminent Engineers and Marine Engine Builders in the 
United States. Illustrated by 30 large and elaborate plates. 4to. l5.oa 

iSDWARDS.— The Practical Steam Enginesr's Guide 
In the Design, Construction, and Management of American Stationary, 
Portable, and Steam Fire- Engines, Steam Pumps, Boilers, Injector^ 
Governors, Indicators, Pistons and Rings, Safety Valves and Steam 
Gauges. For the use of Engineers, Firemen, and Steam Users. By 
Emory Edwards. Illustrated by 119 engravings. 420 pages. 

f i2ino ^2 50 

EISSLBR.^The Metallurgy of Gold : 

A Practical Treatise on the Metallurgical Treatment of GoId-Bcar« 
ing Ores, including the Processes of Concentration and Chlorination, 
and the Assaying, Melting, and Refining of Gold. By M. Eissler. 
With 132 Illustrations. i2mo l3-50 

£ISSLER.~The Metallurgy of Silver : 

A Practical Treatise on the Amalgamation, Roasting, and lixiviation 
of Silver Ores, including the Assaying, Melting, and ReBning of 
Silver Bullion. By M. Eissler. 124 Illustrations. 336 pp. 
i2mo I4.25 

ELDER. — Conversations on the Principal Subjects of Political 
Economy. 
By Dr. William Elder. 8vo j|2 50 

ELDER.—Questions of the Day, 
Economic and Social. By Dr. William Elder. 8vo. . I3.00 

BRNI. — Mineralogy Simplified. 
Easy Methods of Determining and Classifying Minerals, including 
Ores, by means of the Blowpipe, and by Humid Chemical Analysis, 
based on Professor von Kobell's Tables for the Determination of 
Minerals, with an Introduction to Modem Chemistry. By Henry 
Erni, A.m., M.D., Professor of Chemistry. Second Edition, rewritten, 
enlarged and improved. i2mo. ^3-^* 

FAIRBAIRN.— The Pnnciples of Mechanism and Machinery 
of Transmission * 
Comprising the Principles of Mechanism, Wheels, and Pullevs. 
Strength and Proportlonsof Shafts, Coupling of Shafts, and Engag- 
ii^ and Disengaging Gear. By SiR William Fairbairn, Bait 
C. E. Beautifully illustrated by over 150 wood-cuts. In one 
Tolume, i2mo . • • • ' I^2.5< 

FLEMING.— Narrow Gauge Railways in America. 
A Sketch of their Rise, Progress, and Success. Valuable Statistics 
as to Gi-ades, Curves, Weight of Rail, Locomotives, Cars, ere. By 
Howard Fleming. Illustrated, 8vo ^i 00 

FORSYTH.— Book of Designs for Headstones, Mural, and 
other Monuments : 
Containing 78 Designs. By James Forsyth. With an IntroductioD 
Vr Charles Boutfxl, M. A. 4 to., cloth . . i^A <» 
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FRANKBI^—HUTTBR.— A Practical Treatise on the MauQ* 
facture of Starch, Glucose, Starch-Sugar, and Dextrine: 
Based on the German of Ladislaus Von Wagner, Professor in the 
Royal Technical High School, Buda-Pest, Hungary, and other 
authorities. By Julius Frankel, Graduate of the Polytechnic 
School of Hanover. Edited by Robert H utter. Chemist, Practical 
Manufacturer of Starch-Sugar. Illustrated by 58 engravings, cover- 
ing every branch of the subject, including examples of the most 
Recent and Best American Machinery. 8vo., 344 pp. . JI3.50 

aARDNBR. — The Painter's Encyclopaedia: 
Containing Definitions of all Important Words in the Art of Plain 
and Artistic Painting, with Details of Practice in Coach, Carriage, 

- Railway Car, House, Sign, and Ornamental Painting, including 
Graining, Marbling, Staining, Varnishing, Polishing, Lettering, 
Stenciling, Gilding, Bronzing, etc. By Franklin B. Gardner. 
158 Illustrations. i2mo. 427 pp $2.00 

GARDNER.— Everybody's Paint Book: 

A Complete Guide to the Art of Outdoor and Indoor Painting, De- 
signed for the Special Use of those who wish to do their own work, 
and consisting of Practical Lessons in Plain Painting, Varnishing, 
Polishing, Staining, P£>prr Hanging, Kalsomining, etc., as well as 
Directions for Renovating Furniture, and Hints on Artistic Work for 
Home Decoratfon. 38 Illustrations. i2mo., 183 pp. . |i.oo 

SEE.— The Goldsmith's Handbook : 
Containing full instructions for the Alloying and Working of Gold, 
including the Art of Alloying, Melting, Reducing, Coloring, Col 
lecting, and ReBning; the Processes of Manipulation, Recovery of 
Waste; Chemical and Physical Properties of Gold; with a New 
System of Mixing its Alloys; Solders, Enamels, and other Useful 
Rules and Recipes. By George £. Gee. i2mo. <> . $1.75 

GEE.— The Silversmith's Handbook : 

Containing full instructions for the Alloying and Working of Silver, 
including the different modes of Refinip';; and Melting the Metal ; its 
Solders; the Preparation of Imitation Alloys; Methods of Manipula- 
tion ; Prevention of Waste ; Instructions for Improving and Finishing 
the Surface of the Work ; together with other Useful Informsition and 
Memoranda. By George E. Gee. Illustrated. i2mo. |i.75 

GOTHIC ALBUM FOR CABINET-MAKERS: ' 

Designs for Gk)thic Furniture. Twenty-three plates. Oblong |2.oo 

QRANT.— A Handbook on the Teeth of Gears : 
Their Curves, Properties, and Practical Construction. By Georgb 
B. Grant. Illustrated. Third Edition, enlarged. 8vo. $1 00 

GREENWOOD.— Steel and Iron : 

Comprising the Practice and Theory of the Several Methods Pur- 
sued in their Manufacture, and of their Treatment in the Rolling- 
Mills, the Forge, and the Foundry. By William Henry Green* 
wood, F. C. S. With 97 Diagrams, 536 pages. i2mo. $2.00 
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GREGORY. — Mathematics for Practical Men : 
Adapted to the Pursuits of Surveyors, Architects, Mechanics, and 
Civil Engineers. By Olinthus Gregory. 8vo., plates #3.00 

GRISWOL»D.~Raikoad Engineer's Pocket Companion for the 
Field : 
Comprising Rules for Calculating Deflection Distances and Angles, 
Tangential Distances and Angles, and all Necessary Tables for En 
gineers; also the Art of Levelling from Preliminary Survey to th« 
Construction of Railroads, intended Expressly for the Young En- 
gineer, together with Numerous Valuable Rules and Examples. By 
W. Griswold. i2mo.. tucks |l>75 

GRUNER. — Studies of Blast Furnace Phenomena: 
By M. L, Gruner, President of the General Council of Mines oS 
France, and lately Professor of Metallurgy at the Ecole des MinesL 
Translated, with the author's sanction, with an Appendix, by L. D. 
B. Gordon, F. R. S. E.. F. G. S. 8vo. . . . 12.50 

Hand- Book of Useful Tables for the Lumberman, Parmet and 
Mechanic : 

Containing Accurate Tables of Logs Reduced to Inch Board Meas« 
ure. Plank, Scantling and Timber Measure ; Wages and Rent, by 
Week or Month; Capacity of Granaries, Bins and Cisterns; Land 
Measure, Interest Tables, with Directions for Finding the Interest on 
any sum at 4, 5, 6, 7 and 8 per cent., and many otlfer Useful Tables. 
32 mo., boards. 186 pages ...... .25 

liASERICK.— The Secrets of the Art of Dyeing Wool, Cotton, 
and Linen, 
Including Bleaching and Coloring Wool and Cotton Hosiery and 
Random Yams. A Treatise based on Economy and Practice. By 
E. C. Haserick. Illustrated by 323 Dyed Patterns of the Yarm 
or Fabrics. 8vo 1^7*50 

HATS AND FELTING : 

A Practical Treatise on their Manufacture. By a Practical Hatter. 
Illustrated by Drawings of Machinery, etc. 8vo. . • %\*2^ 

HOPPER. — A Practical Treatise on Caoutchouc and Qutta 
Percha, 
Comprising the Properties of the Raw Materials, and the manner oi' 
Mixing and Working them ; with the Fabrication of Vulcanized and 
Hard Rubbers, Caoutchouc and Gutta Pescha Compositions, Water- 
proof Substances, Elastic Tissues, the Utilization of Waste, etc., etc. 
From the German of Raimund Hoffer. By W, T. Erannt! 
Illustrated i2mo %2.^<: 

HAUPT.— Street Railway Motors: 

With Descriptions and Cost of Plants and Operation of the Various 
Systems now in Use. i2mo. $1-75 
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HAUPT— RHAWN.--A Move for Better Roads: 

Essays on Road-making and Maintenance and Road Laws, for 
which Prizes or Honorable Mention were Awarded through the 
University of Pennsylvania by a Committee of Citizens of Philadel- 
phia, with a Synopsis of other Contributions and a Review by the 
Secretary, Lewis M. Hauff, A. M., C. E.; also an Introduction' by 
William H. Rhawn, Chairman of the Committee. 319 pages. 

8vo I2.00 

. HUQHES. — ^American Miller and Millwright's Assistant : 

By William Carter Hughes. i2mo $1.50 

HULMB. — Worked Examination Questions in Plane Geomet- 
rical Drawing : 
For the Use of Candidates for the Royal Military Academy, Wool- 
wich; the Royal Military College, Sandhurst; the Indian Civil En- 
gineering College, Cooper's Hill ; Indian Public Works and Tele- 
graph Departments ; Royal Marine Lipht Infantry ; the Oxford and 
Cambridge Local Examinations, etc. By F. Edward Hulme, F. L. 
S., F. S. a., Art-Master Marlborough College. Illustrated by 300 
examples. . Small quarto JI2.50 

JBRVIS.— Railroad Property: 

A Treatise on the Construction and Management of Railways; 
designed to aflford useful knowledge, in the popular style, to the 
holders of this class of property ; as well as Railway Manageis, Ofh* 
cers, and Agents. By John B. Jervis, late Civil Engineer of the 
Hudson River Railroad, Crolon Aqueduct, etc. i2mo., cloth j|2.oc 

KEENE.— A Hand-Book of Practical Gauging : 

For the Use of Beginners, to which is added a Chapter on Distilla- 
tion, describing the process in operation at the Custom-House for 
ascertaining the Strength of Wines. By James B. Keene, of H. M. 
Customs. 8vo. . , . . . . . . . $1.25 

KELLEY. — Speeches, Addresses, and Letters on Industrial and 
Financial Questions : 
By Hon. William D. Kelley, M. C. 544 pages, 8vo. . JS2.50 

KELLOGG.— A New Monetary System : 
The only means of Securing the respective Rights of Labor and 
Property, and of Protecting the Public from Financial Revulsions. 
By Edward Kellogg. Revised from his work on "Labor and 
other Capital." With numerous additions from his manuscript 
Edited by MARY Kellogg Putnam. Fifth edition. To which if 
added a Biographical Sketch of the Author. One volume, i2mo. 

Paper cover $1,00 

Bound in cloth ..,;..«. 1. 50 

KEMLO.—Watch-Repairer's Hand-Book: 

, Being a Complete Guide to the Young Beginner, in Taking Apart, 
Putting Together,. and Thoroughly Cleaning the English Lever and 
other Foreign Watches, and all American Watches. By F. K£MLO, 
VracUcal Watchmaker. With Illustrations. i2mo. . 1 1.25 
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KENTISH.— A TreaUse on a Box of Instruments, 
And the Slide Rule ; with the Theory of Trigonometry and Log* 
nthms, including Practical Geometry, Surveying, Measuring of Tini' 
ber, Cask and Malt Gauging, Heights, and Distances. By Thomai 
Kentish. In one volume. i2mo. . . , . j|i.2 

KERL.— The Assayer*s Manual : 

An Abridged Treatise on the Docimastic Examination of Ores, and 
Furnace and other Artificial Products. By Bruno Kerl, Professor 
in the Royal School of Mines. Translated from the German by 
William T. Brannt. Second American edition, edited with Ex- 
tensive Additions by F. Lynwood Garrison, Member of the 
American Institute of Mining Engineers, etc. lUufltrated by 87 en- 
gravings^ 8vo #3*oc 

KICK.— Flour Manufacture . 
A Treatise on Milling Science and Practice. By Frederick Kick 
Imperial Regierungsrath, Professor of Mechanical Technology in the 
imperial German Polytechnic Institute, Prague. Translated from 
the second enlarged and revised edition with supplement by H. H. 
P. PowLES, Assoc. Memb. Institution of Civil Engineers. Illustrated 
with 28 Plat^, and 167 Wood-cuts. 367 pages. 8vo. . i^icoo 

KINGZETT. — The History, Products, and Processes of the 
Alkali Trade : 
Including the most Recent Improvements. By Charles Thomas 
KiNGZETT, Consulting Chemist. With 23 illustrations. 8vo. I2.5C 

KIRK.— The Pounding of Metals : 
A Practical Treatise on the Melting of Iron, with a Description of th« 
Founding of Alloys ; also, of all the Metals and Mineral Substance! 
used in the Art of Founding. Collected from original sources. B> 
Edward Kirk, Practical Foundryman and Chemist. Illustrated. 
Third edition. 8vo. $2.S/Q 

LANDRIN.— A Treatise on Steel: 
Comprising its Theory, Metallurgy, Properties, Practical Working, 
and Use. By M. H. C. Landrin, Jr., Civil Engineer. Translated 
from the French, with Notes, by A. A. Fesquet, Chemist and En 
gineer. With an Appendix on the Bessemer and the Martin Pro- 
rp«»es for Manufacturing Steel, from the Report of Abram S. H«wiit^ 
United States Commissioner to the Universal Exposition, Paris, 1867* 
l2mo to'^ 

LANGBEIN.— A Complete Treatise on the Electro-Deposition 
of Metals: 
Translated from the German, with Additions, by Wm. T. Brannt. 
125 illustrations. 8vo K4-00 

LARDNER.— >The Steam-Engine : 

For the Use of Beginners. Illustrated. i2mo. • • • 75 

LEHNER.— The Manufacture of Ink: 
Comprising the Raw Materials, and the Preparation df Wnting, 
Copying and Hekcograpli Inks, Safety Inks, Ink Extracts and Pow- 
ders, etc. Translated from the German of Sigmund Lehner, with 
additions by William T. Brannt. Illustrated. i2mo. ^ajoo 
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LARKIN. — ^The Prmcticai Brass and Iron Pounder's Guide? 
A Concise Treatise on Brass Founding, Moulding, the Metals aad 
their Alloys, etc. ; to wnich are added Recent ImprovemeDts in the 
Manufacture of Iron, Steel by the Bessemer Process, etc., etc. 'Bf 
James Larkin, laie Conductor of the Brass Foundry Department ia 
Reany, Neafie & Co.'s Penn Works, Philadelphia. New edition, 
revised, with extensive additions. i2mo. • . . ^2.50' 

LEROUX.— A Practical Treatise on the Manufacture of 
Worsteds and Carded Yams : 

Comprising Practical Mechanics, with Rules and Calculations applied 
to Spinning ; Sorting, Cleaning, and Scouring Wools ; the English 
and French Methods of Combing, Drawing, and Spinning Worsteds,, 
and Manufacturing Carded Yarns. Translated from the French of 
Charles Leroux, Mechanical Engineer and Superintendent of a> 
9pinning-Mill, by Horatio Paine, M. D., and A. A. Fesquet, 
Chemist and Engineer. Illustrated by twelve large Plates. To which 
is added an Appendix, containing Extracts from the Reports of the 
International Jury, and of the Artisans selected by the Committed 
appointed by the Council of the Society of Arts, London, on Woolen- 
and Worsted Machinery and Fabrics, as exhibited in the Paris Uni^ 
▼ersal Exposition, 1867. 8vo. |i5.oo> 

UBPPBL. — The Construction of Mill-Dams : 
Comprising also the Building of Race and Reservoir Embankments 
and Head-Gates, the Measurement of Streams, Ganging of Water 
Supply, etc. By James Leffel & Co. Illustrated by 58 engravings. 
8vo. $2.50 

LESLIE.— Complete Cookery: 
Directions for Cookery in its Various Branches. By Miss Leslir. 
Sixtieth thousand. Thoroughly revised, with the addition of New 
Receipts. i2mo $i>50 

LE VAN. — The Steam Engine and the Indicator : 

Their Origin and Progressive Development ; including the Most 
Recent Examples of Sieam and Gas Motors, "together with the Indi- 
cator, its Principles, its Utility, and its Application. By William 
Barnet Le Van. Illustrated by 205 Engravings, chiefly of Indi 
cator-Cards. 469 pp. 8vo ^'Oa 

LIEBER.<— Assayer's Guide : 
Or, Practical Directions to Assayers, Miners, and Smelters, for the 
Tests and Assays, by Heat and by Wet Processes, for the Ores of all 
the principal Metals, of Gold and Silver Coins and Alloys, and of 
Coal, etc. By Oscar M. Lieber. Revised. 283 pp. i2mo. $1.50 

Lockwood's Dictionary of Terms : 

Used in the Practice of Mechanical Engineering, embracing those 
Current in the Drawing Office, Pattern Shop, Foundry, Fitting, Turn- 
ing, Smith's and Boiler Shops, etc., etc., comprising upwards of Six' 
Thousand Definitions. Edited by a Foreman Pattern Maker, author 
i#f ** Pattern Making." 417 pp. i2mo. . . . $3-0O^ 
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LUKIN.— Amongst Machines ; 

Embracing Descriptions uf ihe various Mechapical Appliances used 
in the Manufacture of Wood, Metai, and other Substances. X2mo. 

LUKIN. — The Boy Engineers : 

What They Did, and How They Did It. With 30 plates. l8mo. 

#1.75 
LUKIN.— The Young Mechanic t 

Practical Carpentry. Containing Directions for the Use of all kinds 

of Tools, and for Construction of Steam- Engines and Mechanical 

Models, including the Art of Turning in Wood and Metal. By John 

LuKiN, Author of "The Lathe and Its Uses," etc. Illustrated. 

I2nio. $^»7S 

MAIN and BROWN.— Questions on Subjects Connected with 

the Marine Steam»Engine ; 

And Examination Papers; with Hints for their Solution. By 

• Thomas J. Main, Professor of Mathematics, Royal "^faval College, 
and Thomas Brown, Chief Engineer, R. N. i2mo., cloth . $1.00 

MAIN and BROWN. — The Indicator and Dynamometer: 

• With their Practical Applications to the Steam-Engine. By THOMAS 
■J, Main, M. A. F. R., Ass't S. Professor Royal Naval College, 

Portsmouth, and Thomas Brown, Assoc. Inst. C. E., Chief Engineei 
R. N., attached to the R. N. College. Illustrated. 8vo. . $1.00 
MAIN and BROWN.— The Marine Steam-Engine. 

By Thomas J. Main, F. R. Ass't S. Mathematical Professor at the 
Royal Naval College, Portsmouth, and Thomas Brown, Assoc. 
Inst. C. E., Chief Engineer R. N. Attached to the Royal Naval 
College. With numerous illustrations. 8vo. 

MAKINS.— A Manual of Metallurgy: 

By George Hogarth Makins. 100 engravings. Second edition 
rewritten and much enlarged. i2mo., 592 pages . . jSj.oo 

MARTIN.— Screw- Cutting Tables, for the Use of Mechanica> 
Engineers : 
"Showing the Proper Arrangement of Wheels for Cutting the Threads 
of Screws of any Required Pitch ; with a Table for Making the Uni- 
versal Gas-Pipe Thread and Taps. By W. A. Martin, Engineer. 
Bvo 50 

MICHELL.— Mine Drainage: 
Being a Complete and Practical Treatise on Direct-Acting Under- 
l^ound Steam Pumping Machinery. With a Description of a large 
number of the best known Engines, their General Utility and tht 
Special Sphere of their Action, the Mode of their Application, and 
their Merits compared with other Pumping Machinery. By STEPHEN 
MiCHELL. Illasirated by 137 engravings. 8vo., 277 pages . $6.00 

MOLESWORTH.— Pocket-Book of Useful Formulae and 

Memoranda for Civil and Mechanical Engineers. 

By Guilford L. Molesworth, Member of the Institution of Civil 

Engineers, Chief Resident Engineer of the Ceylon Railway. Full* 

bound in Pocket-book form . . . • . S1.OC 
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liOOKB. — The Universal Assistant and the Complett lia^ 
chanic: 

Containing over one million Industrial Facts, Calculations, Receiptti 
Processes, Trades Secrets, Rules, Business Forms, Legal Items, £tc«« 
in every occupation, from the Household to the Manufactory. By 
R. Moore. Illustrated by 500 Engravings. i2mo. . $2.50 

MORRIS. — Easy Rules for the Measurement of Earthworks : ' 
By means of the Prismoidal Formula. Illustrated with Numerous 
* Wood-Cuts, Problems, and Examples, and concluded by an Exten- 
sive Table for finding the Solidity in cubic yards from Mean Areas. 
The whole being adapted for convenient use by Engineers, Surveyors, 
Contractors, and others needing Correct Measurements of Earthwork. 
Bf Elwood Morris, C. E. 8vo $1.50 

MAUCHLINE.— The Mine Foreman's Hand-Book 

Of Practical and Theoretical Information on the Opening, Venti- 
lating, and Working of Collieries. Questions and Answers on Prac- 
tical and Theoretical Coal Mining. Designed to Assist Students and 
Others in Passing Examinations for Mine Foremanships. By 
Robert Mauchline, Ex-Inspector of Mines. A New, Revised and 
Enlarged Edition. Illustrated by 114 engravings. 8vo. 337 
pages $^'7S 

NAPIER.— A System of Chemistry Applied to Dyeing. 
By James Napier, F. C. S. A New and Thoroughly Revised Edi- 
tion. Completely brought up to the present state of the Science, 
mcluding the Chemistry of Coal Tar Colors, by A. A. Fesquet, 
Chemist and Engineer. With an Appendix on Dyeing and Calico 
Printmg, as shown at the Universal Exposition, Paris, 1867. Illus- 
trated. 8vo. 422 pages $3-50 

NEVILLE.— Hydraulic Tables, Coefficients, and Formula, fot 
finding the Discharge of Water from Orifices, Notches, 
Weirs, Pipes, and Rivers : 
Third Edition, with Additions, consisting of New Formulae for the 
Discharge from Tidal and Flood Sluices and Siphons ; general infor- 
mation on Rainfall, Catchment-Basins, Drainage, Sewerage, Water 
Supply for Towns and Mill Power. By Tohn Neville, C. E. M. R 
I. A. ; Fellow of the Royal Geological Society of Ireland. Thidi 
I2mo I5.50 

NEWBERY.— Gleanings from Ornamental Art of eveiy 
style ; 
Drawn from Examples in the British, South Kensington, Indian, 
Crystal Palace, and other Museums, the Exhibitions of 185 1 and 
1862, and the best English and Foreign works. In a series of loa 
exquisitely drawn Plates, containing many hundred examples. B^ 
Robert Newbery. 410. $i2.so 

NICHOLLS. —The Theoretical and Practical Boiler-Maker and 
Engineer's Reference Book: 
Containing a variety of Useful Information for Employers of Laboc 
l^oremen and WorUinc Boiler- Makers. Irou, Copper, and Tinsmiths 
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Dnuigbtsincii, Engineers, the General Steam-using Public, and for tilt 
Use of Science Schools and Classes. By Samuel Nxcholls. V\v» 
trated by sixteen plaies, i2mo. $2»$0 

NICHOLSON.— A Manual of the Art of Bookbindiiig : 
Containing full instructions in the different Branches of Forwarding^ 
Gilding, and Finishing. Also, the Art of Marbling Book-edges and 
Paper. By James B. Nicholson. Illustrated. i2mo., cloth JI2.25 

NICOLLS.--The Railway Builder: 
A Hand-Book for Estimating the Probable Cost of American RaiU 
way Construction and Equipment. By William J. Nicx)LLS, Civil 
Engineer. Illustrated, full bound, pocket-book form . I2.00 

NORMANDY.— The Commercial Handbook of Chemical An* 
alysis : 
Or Practical Instructions for the Determination of the Intrinsic oi 
Commercial Value of Substances used in Manufactures, in Trades; 
and in the Arts. By A. Normandy. New Edition, Enlarged, and 
to a great extent rewritten. By Henry M. Noad, Ph.D., F.R.S., 
thick i2mo $S'O0 

NORRIS. — ^A Handbook for Locomotive Engineers and Ma- 
chinists : 
Comprising the Proportions and Calculations for Constructing Loco- 
motives; Manner of Setting Valves; Tables cf Squares, Cubes, Areas, 
etc., etc. By Septimus Norris, M. E. New edition. Illustrated, 
xamo $1.50 

NY8TR0M. — A New Treatise on Elements of Mechanics : 
Establishing Strict Precision in the Meaning of Dynamical Terms : 
accompanied with an Appendix on Duodenal Arithmetic and Me- 
trology. By John W. Nystrom, C. E. Illustrated. 8vo. $2.00 

NYSTROM. — On Technological Education and the Construc- 
tion of Ships and Screw Propellers : 
For Naval and Marine Engineers. By John W. Nystrom, late 
Acting Chief Engineer, U. S. N. Second edition, revised, with addi- 
tional matter. Illustrated by seven engravings. i2mo. . JI1.5Q 

O'NEILL. — A Dictionaxy of Dyeing and Calico Printing: 
Containing a brief account of ail the Substances and Processes in 
use in the Art of Dyeing and Printing Textile Fabrics ; with Practical 
Receipts and Scientific Information. By Charles O'Neill, Analy- 
tical Chemist. To which is added an Essay on Coal Tar Colors and 
their application to Dyeing and Calico Printing. By A. A. Fesquet> 
Chemi«t and Engineer. With an appendix on Dyeing and Calico 
Printing, as shown at the Universal Exposition, Paris, 1867- 8vo. 
491 pages . . I3.50 

ORTON . — Underground Treasures -. 
How and Where to Find Them. A Key for the Ready Determination 
ol all the Useful Minerals within the United States. By James 
Okton, A.M., Late Professor of Natural History in Vassar College, 
N. Y.; Cor. Mem. of the Academy of Natural Sciences, Philadelphia, 
and of the Lyceum of Natural History, New York ; author of the 
■^ Andes and the Amazon," etc. A New Edition, with Additions. 
lUtutrated #1.59 
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OSBORN.~The Prospector's Field Book and Guide: 

In the Search for and the Easy Determination of Ores and Other 
Useful Minerals. Bv Prof. H. S. OsBORN, LL. D., Author of 
" The Metallurgy of Iron and Steel ; " "A Practical Manual of 
Minerals, Mines, and Mining." Illustrated by 44 Engravings, 
lamo ^1*50 

OSBORN. — ^A Practical Manual of Minerals, Mines and Min* 
ing: 
Comprising the Physical Properties, Geologic Positions, Local Occur- 
rence and Associations of the Useful Minerals ; their Methods of 
Chemical Analysis and Assay: together with Various Systems of 
Excavating and Timbering, Brick and Masonry Worlc, during Driv- 
ing, Lining, Bracing and other Operations, etc. By Prof. H. S. 
OsBORN, LL. D., Author of the ** Metallurgy of Iron and Steel." 
Illustrated by 171 engravings from original drawings. 8vo. #4.50 

OVERMAN.— Tbu Manufacture of Steel : 
Containing the Practice and Principles of Working and Making Steel. 
A Handbook for Blacksmiths and Workers in Steel and Iron, Wagon 
Makers, Die Sinkers, Cutlers, and Manufacturers of Files and Hard- 
ware, of Sl»?el and Iron, and for Men of Science and Art. By 
Frederick Overman, Mining Engineer, Author of the "Manu- 
facture of lion," etc. A new, enlarged, and revised Edition. By 
A. A. Fesqu^t, Chemist and Engineer. i2mo. . . ^1.50 

OVERMAN.— The Moulder's and Founder's Pocket Guide : 
A Treatise on Mouldingand Founding in Green-sand, Dry -sand. Loam, 
and Cement; the Moulding of Machine Frames, Mill-gear, Hollow* 
ware, Ornanierts, Trinkets, Bells, and Statues ; Description of Moulds 
for Iron, Bronze, Brass, and other Metals ; Plaster of Paris, Sulphur, 
Wax, etc. ; the Construction of Melting Furnaces, the Melting and 
Founding of Metals ; the Composition of Alloys and their Nature, 
etc., etc. By Frederick Overman, M. E. A new Edition, to 
which is added a Supplement on Statuary and Ornamental Mouldings 
Ordnance, Malleable Iron Castings, etc. By A. A. Fesquet, Chem- 
ist and Engineer. Illustrated by 44 engravings. l2mo. . $2.0Q| 

PAINTER, GILDER, AND VARNISHER'S COMPANION:' 
Containing Rules and Regulations in everything relating to the Ar(f 
of Painting, Gilding, Varnishing, Glass-Staining, Graining, Marbling, 
Sign- Writing, Gilding on Glass, and Coach Painting and Varnishing; 
Tests for the Detection of Adulterations in Oils, Colors, etc.; and a 
Statement of the Diseases to which Painters are peculiarly liable, with 
the Simplest and Best Remedies. Sixteenth Edition. Revised, wit b 
an Appendix. Containing Colors and Coloring — ^Theoretical and 
Practical. Comprising descriptions of a great variety of Additional 
Pigments, their Qualities and Uses, to which are added. Dryers,, and 
Modes and Operations of Painting, etc. Together with Chevreur* 
Principles of Harmony and Contrast of Colors. i2mo. Cloth $i.^^ 

IPALLETT.— The Miller's, MUlwright's. and Engineer's Guide. 
By Henry Pallett. Illustrated. E2mo. . . • $2.oi 
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PBRCY. — The Manufacture of Russian Sheet-Iron. 

By John Percy, M. D., F. R. S., Lecturer on Metallurgy at the 
Royal School of Mines, and to The Advance Class of Artillery 
Officers at the Royal Artillery Institution, Woolwich ; Author of 
" Metallurgy.'* With Illustrations. 8vo., paper . . 56 eta. 

PERKINS.— Gas and Ventilation : 
Practical Treatise on Gas and Ventilation. With Special Relation 
to Illuminating, Heating, and Cooking by Gas. Including Scientili<: 
Helps to Engineer-students and others. With Illustrated Diagrams. 
By E. E. Perkins. i2mo., cloth |i«25 

PERKINS AND STOWE.— A New Guide to the Sheet-iron 
and Boiler Plate Roller : 
Containing a Series of Tables showing the Weight of Slabs and Pilei 
to Produce Boiler Plates, and of the Weight of Piles and the Sizes of 
Bars to produce Sheet-iron; the Thickness of the Bar Gaugo 
in decimals ; the Weight per foot, and the Thickness on the Bar or 
Wire Gauge of the fractional parts of an inch; the Weight per 
sheet, and the Thickness on the Wire Gauge of Sheet-iron of various 
dimensions to weigh 112 lbs. per bundle; and the convei'sion of 
Short Weight into Long Weight, and Long Weight into Short. 
Estimated and collected by G. H. Perkins and J. G. Stowe. 12.5a 

POWELL— CHANCE—HARRISc— The Principles of Glass 

Making. 

By Harry J. Powell, B. A. Together with Treatises on Crown and 

Sheet Glass ; by Henry Chance, M. A. And Plate Glass, by H. 

G. Harris, Asso. M. Inst. C. E. Illustrated i8mo. . $i'SO 

PROCTOR.— A Pocket-Book of Useful Tables and Formulae 
for Marine Engineers : 
By Frank Proctor, Second Edition, Revised and Enlarged. 
Full -bound pocket-book form Iii.50 

REGNAULT.— Elements of Chemistxy: 
By M. V. Regnault. Translated from the French by T. Forrest 
Betton, M. D., and edited, with Notes, by James C. Booth, Melter 
and Refiner U. S. Mint, and William L. Faber, Metallurgist and 
Mining Engineer. Illustrated by nearly 700 wood-engravings. Com- 
prising nearly 1,500 pages. In two volumes, 8vo., cloth . $7*$^ 

RICHARDS.— Aluminium : 
Its History, Occurrence, Properties, Metallurgy and Applications, 
including its Alloys. By Joseph W. Richards, A. C, Chemist and 
Practical Metallurgist, Member of the Deutsche Chemische Gesell- 
schaft. Illustrated $S'<^ 

RIFFAULT, VERGNAUD, and TOUSSAINT.— A Practical 
Treatise on the Manufacture of Colors for Painting : 
Comprising the Origin, Definition, and Classification of Colors; the 
Treatment of the Raw Materials ; the best Formulae and the Newest 
Processes for the Preparation of every description of Pigment, and 
the Necessary Apparatus and Directions for its Use; Dryers; kht 
Testing. Application, and Qualities of Paints, etc., etc. By MM. 
RiFKAULT, Vergnaud, and ToussAiKT. Revised and Edited by M. 
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F. Malepeyre. Tranklated from the French, by A. A. FesqU11( 
Chemist and Engineer. Illustrated by Eighty engravings. Tn ciM 
vol., 8vo., 659 pages . . . . . . • $7 5^ 

ROPER. — A Catechism of High-Pressure, or Non-Condensing 
Steam -Engines : 

Including the Modelling, Constructing, and Management of Steam- 
Engines and Steam Boilers. With valuable illustrations. By Ste- 
phen Roper. Engineer. Sixteenth edition, revised and enlarged. 
i8mo., tucks, gilt edge $2.0Q 

ROPER.— Engineer's Handy-Book : 

Containing a full Explanation of the Steam-Engine Indicator, and its 
Use and Advantages to Engineers and Steam Users. With Formulae 
for Estimating the Power of all Classes of Steam-Engines; alsv,. 
Facts, Figures, Questions, and Tables for Engineers who wish 10 
qualify Aemselves for the United Stales Navy, the Revenue Service, 
the Mercantile Marine, or to take charge of the Better Class of Sta- 
tionary Steam-Engines. Sixth edition. i6mo.. 690 pages, tucks, 
gilt edge , $3.50 

ROPER. — Hand-Book of Land and Marine Engines : 

Including the Modelling, Construction, Running, and Management 
of Lane' and Marine Engines and Boilers. With illustrations. By 
Stephen Roper, Engineer. Sixth edition. i2mo., ticks, gilt edge. 

ROPER.— Hand-Book of the Locomotive : 

Including the Construction of Engines and Boilers, and the Construc- 
tion, Management, and Running of Locomotives. By STEPHEN 
Roper. Eleventh edition. i8mo., tucks, gilt edge . ^2.50 

ROPER.— Hand-Book of Modem Steam Fi*-e- Engines. 
With illustrations. By Stephen Roper, Engineer. Fourth edition, 
i2mo., tucks, gilt edge 13-50 

ROPER. — Questions and Answers for Engineers. 
This little book contains all the Questions that Engineers will be 
asked when undergoing an Examination for the purpose of procuring 
Licenses, and they are so plain that any Engineer or Fireman of or 
dinary intelligence may commit them to memory in a short time. By 
Stephen Roper, Engineer. Third edition . , . ■ J^j.oo 

ROPER.— Use and Abuse of the Steam Boiler. 
By Stephen Roper, Engineer. Eighth edition, with iliustrations. 
l8mo., tucks, gilt edge $2,09 

ROSE.— The Complete Practical Machinist t 

Embracing Lathe Work, Vise Work, Drills and Drilling, Taps and 
Dies, Hardening and Tempering, the Making and Use of Toola^ 
Tool Grinding, Marking out Work, etc. By Joshua Rose. Illus^ 
trated by 356 engravings. Thirteenth edition, thoroughly revise^ 
and in great part rewritten. In one vol., i2mo., 439 pages $2.^^ 

ROSE.— Mechanical Drawing Self-Taught: 

Comprising Instructions in the Selection and Preparation of Drawin|r 
Instruments, Elementary Instruction in Practical Mechanical Drai^ 
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ing, together with Examples in Simple Geometry and Elementary 
Mechanism, including Screw Threads, Gear Wheels, Mechanical 
Motions, Engines and Boilers. By Joshua Rose, M. E. lUuKtrated 
by 330 eBgravings. 8vo , 313 pages .... Jk>oo 

ROSE.— The Slide- Valve Practically Explained: 
Embracing simple and complete Practical Demonstrations of th. 
operation of each element in a Slide-valve Movement, and illustrat- 
ing the effects of Variations in their Proportions by examples care* 
fully selected from the most recent and successful practice. By 
Joshua Rose, M. E. Illustrated by 35 engravings . ;J5i.oo 

ROSS. — The Blowpipe in Chemistry, Mineralogy and Geology : 
Containing all Known Methods of Anhydrous Analysis, many Work- 
ing Examples, and Instructions for Making Apparatus. By Lieut.- 
Colonel W. A. Ross, R. A., F, G. S, With 120 Illustrations. 
i2mo $2joo 

SHAW.— Civn Architecture : 

Being a Complete Theoretical and Practical System of Building, con- 
taining the Fundamental Principles of the Art. By Edward Shaw, 
Architect. To which is added a Treatise on Gothic Architecture, etc. 
By Thomas W. Silix>way and George M. Harding, Architects. 
The whole illustrated by 102 quarto plates finely engraved on copp>er. 
Eleventh edition. 4to $10.00 

8HUNK.— A Practical Treatise on Railway Curves and Loca- 
tion, for Young Engineers. 
By W. F. Shunk, C. E. i2mo. Full bound pocket-book form $2.00 

SLATER. — The Manual of Colors and Dye Wares. 

By J. W. Slater. i2mo |t3*oo 

SLOAN. — American Houses : 

A variety of Original Desif;ns for Rural Buildings. Illustrated by 
26 colored engravings, with descriptive references. By SAMUEL 
Sloan, Architect. 8vo. $1.50 

SLOAN. — Homestead Architecture : 

0>ntainir.2 Forty Designs for Villas, Cottages, and Farm-houses, with 
Ei'says on Stylw, Construction, Landscape Gardenmg, Furniture, etc., 
etc. J^lustrated by up'vards of 200 engravings. By Sambq^L Sloan, 
Architect. 8vo. I^3>50 

BLOANB. — Ho^r^e Experiments ni Science. 

By T. O'CoNOR Slo\ne, E. M., A. M., r\.. O. Illustrated by 91 
engravings. i2mo. I^I.SO 

8MEATON.— Builder's Pockc,: Companion : 

Containing the Elements of Building, Surveying, and Architecture; 
with Practical Rules and Instructions cor.'iected with the subject. 
By A. C. Smeaton, Civil Engineer, etc. i2mo. . . $1*$^ 

SMITH.— A Manual of Political Economy. 
By E. Peshine Smith. A New Edition, to which is added a full 
Index. i2mo $S 35 
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SMITH. — Parks and Pleasure-QnNnid»: 

Or Practical Notes on Country Residences, Villas, Public Paite, and 
Gomleas. By Charles H. J. Smith, Landscape Gardeacr and 
Garden Architect, etc., etc. i2mo. ' . . . |2.0Q 

8MITH.— The Dyer's Instructor : 

Comprising Practical Instructions in the Art of Dyeing Siik, Cotton, 
Wool, and Worsted, and Woolen Goods; containing nearly 800 
Receipts. To which is added a Treatise on the Art of Padding; anc! 
the Printing of Silk Warps, Skeins, and Handkerchiefs, and the 
various Mordants and Colors for the different styles of such work. 
By David Smith, Pattern Dyer. i2n)o. . . #2.00 

SMYTH. — A Rudimentary Treatise on Coal and Coal-Miaing. 
By Warrington W. Smyth, M. A., F. R. G., President R. G. S. 
of Cornwall. Fifth edition, revised and corrected. With numer- 
ous illustrations. i2mo. $^»7^ 

8NIVBLY.— Tables for Systematic Qualitative Chemical Anal% 
ysis. 
By John H. Snively, Phr. D. 8vo. $1.00 

SNI VELY. — The Elements of Systematic Qualitative chemical 
Analysis : 
A Hand-book for Beginners. By John H. Snively, Phr. D. i6mo. 

$2.00 

STOKES. — The Cabinet- Maker and Upholsterer's Companion: 
Comprising the Art of Drawing, as applicable to Cabinet Work; 
Veneering, Inlaying, and Buhl- Work ; the Art of Dyeing and Stain- 
ing Wood, Ivory, Bone, Tortoise-Shell, etc. Directions for Lacker- 
ing, Japanning, and Virnishing; to make French Polish, Glues, 
Cements, and Composlj^ns; with numerous Receipts, useful to work 
men generally. Bv Stokes. Illustrated. A New Edition, with 
an Appendix upor «ench Polishing, Staining, Imitating, Varnishing, 
etc., etc. i2nio $1*25 

STRENGTH AND OTHER PROPERTIES OF METALS; 

Reports of Experiments on the Strength and other Properties of 
Metals for Cannon. With a Description of the Machines for Testing 
Metals, and of the Classification of Cannon in service. By Officers 
of the Ordnance Department, U. S. Army. By authority of the Secre> 
taryofWar. Illustrated by 25 large steel plates. Quarto. |tio.oo 

SULLIVAN.— Protection to Native Industry. 
By Sir Edward Sullivan, Baronet, author of " Ten Chapters on 
Social Reforms.'' 8vo $i'00 

BULZ.— A Treatise on Beverages ; 
Or the Complete Practical Bottler. Full instructions for Laboratory 
Work, with Original Practical Recipes for all kinds of Carl>or.ated 
Drinks, Mineral Waters, Flavorings, Extracts, Syrups, etc. By 
Chas. Herman Sulz, Technical Cheinist and Practical Bottler 
inuatrated by 428 Engnivid^. 8k^ i>P* ^^^ * ^10.00 
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8YME. — Outlines of an Industrial Science. ; 

By David Syme. i2mo. . . ... |2.oa 

TABLES SHOWING THE WEIGHT OF ROUND, 
SQUARE, AND FLAT BAR IRON, STEEL, ETC., 
By Measurement. Cloth • 63 

TAYLOR.— Statistics of Coal : 

Including Mineral Bituminous Substances employed in Arts and 
.Manufactures; with their Geographical, Geological, and Commercial 
Distribution and Amount of Production and Consumption on tho 
American Continent. With Incidental Statistics of the Iron Manu- 
facture. By R. C. Taylor. Second edition, revised by S. S. Halde- 
MAN. Illustrated by five Maps and many wood engravings. 8vo., 
cloth $IO.OQ 

TEMPLETON. — The Practical Examinator on Steam and the 
Steam -Engine : 
With Instructive References relative thereto, arranged for the Use of 
Engineers, Students, and others. By William Templeton, En- 
gineer. i2mo. $1.00 

THAUSING.— The Theory and Practice of the Preparation of 
Malt and the Fabrication of Beer : 
With especial reference to the Vienna Process of Brewing. Elab- 
orated from personal experience by Julius E. Thausing, Professor 
at the School for Brewers, and at the Agricultural Institute, Mddling, 
near Vienna. Translated from the German by William T. BRANNTt 
Thoroughly and elaborately edited, with much American matter, and 
according to the latest and most Scientific Practice, by A. Schwarz 
and Dr. A. H. Bauer. Illustrated by 140 Engravings. 8vo., 815 
pages $10.00 

THOMAS. — The Modem Practice of Photography: 
By R. W. Thomas, F. C. S. 8vo. .... 25 

THOMPSON.— Political Economy. With Especial Reference 
to the Industrial History of Nations : 
By Robert E. Thompson, M. A., Professor of Social Science in the 

• University of Pennsylvania. i2mo. . . . Iti.50 

THOMSON.— Freight Charges Calculator: 

By Andrew Thomson, Freight Agent. 2lpno. . . ^1.25 

TURNER'S (THE) COMPANION: 

Containing Instructions in Concentric, Elhptic, and Eccentric Turn. 
tng; also various Plates of Chucks, Tools, and Instruments; and 
Directions for using the Eccentric Cutter, Drill, Vertical Cutter, and 
Circular Rest; with Patterns and Instructions for working them 
l2mo I1.25 

TURNING: Specimens of Fancy Turning Executed on the 

Hand or Foot- Lathe : 

With Geometric, Oval, and Eccentric Chucks, and Elliptical Cutting 

Frame. By an Amateur. Illustrated by 30 exquisite Photographs. 

4to. I3.00 
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VAILE.— Galvanized- Iron Cornice- Worker's Manual : 
Containing Instructions in Laying out the Different Mitres, and 
Making Patterns for all kinds of Plain and Circular Work. Also» 
Tables of Weights, Areas and Circumferences of Circles, and other 
Matter calculated to Benefit the Trade. By Charles A. Vaile. 
Illustrated by twenty-one plates. 4to IS-OO 

VlLLB. — On Artificial Manures : 
Their Chemical Selection and Scientific Application to Agriculture. 
A series of Lectures, given at the Experimental Farm at Vincennes, 
during 1867 and 1874-75. By M. Georges Ville. Translated and 
Edited by William Crookes, F. R. S. Illustrated by thirty-one 
engravings. 8vo., 450 pages $6.00 

VILLE.— The School of Chemical Manures : 
Or, Elementary Principles in the Use of Fertilizing Agents. From 
the French of M. Geo. Ville, by A. A. Fesquet, Chemist and En- 
gineer. With Illustrations. i2mo. .... I1.25 

VOODES. — The Architect's and Builder's Pocket-Companioa 
and Price-Book: 
Consisting of a Shoit but Comprehensive Epitome of Decimals, Duo- 
decimals. Geometry and Mensuration ; with Tables of United States 
Measures, Sizes, Weights, Strengths, etc., of Iron, Wood, Stone, 
3rick, Cement and Concretes, Quantities of Materials in given Sizes 
and Dimensions of Wood, Brick and Stone; and full and complete 
Bills of Prices for Carpenter's Work and Painting ; also. Rules for 
Computing and Valuing Brick and Brick Work, Stone Work, Paint- 
ing, Plastering, with a Vocabulary of Technical Terms, etc. By 
Frank W. Vogdes, Architect, Indianapolis, Ind. Enlarged, revised, 
and corrected. In one volume, 368 pages, full-bound, pocket-book 

form, gilt edges I2.00 

Cloth •. ••••••• 1*5^ 

VAN CLEVE.— The English and American Mechanic : 
Comprising a Collection of Over Three Thousand Receipts, Rules, 
and Tables, designed for the Use of every Mechanic and Manufac- 
turer. By B. Frank Van Cleve. Illustrated. 500 pp. i;smo. $2.00 

WAHNSCHAPFE.— A Guide to the Scientific Examinatioa 
of Soils: 
Comprising Select Methods of Mechanical and Chemical Analysit 
and Physical Investigation. Translated from the German of Dr. F. 
Wahnschaffe. With additions by William T. Brannt. Illus- 
trated by 25 engravings. i2mo. 177 pages . . . #1.50 

WALL. — Practical Graining : 

With Descriptions of Colors Employed and Tools Used. Illustrated 
by 47 Colored Plates, Representing the Various Woods Used 'k 
Interior Finishing. By William E. Wall. 8vo. . $2.St 

WALTON.— Coal-Mining Described and Illustrated: 
By Thomas. H. Walton, Mining Engineer. Illustrated by 24 'argl 
and elaborate Plates, after Actual Workings and Apparatus. ^5.0t 
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t^ARB.— The 9uf ar Beet. 

Inclnding a History of the Beet Sugar Industry in Europe, Varietfei 
of the Sugar Beet, Examination, Soils, Tillage, Seeds and Sowings 
Yield and Cost of Cultivation, Harvesting, Transportation, Conserva 
tion. Feeding Qualities of the Beet and of the Pulp, etc. By Lkwii 
S. Ware, C. E., M. £. Illustrated by ninety engravings, ovo. 

WARN.— The Sheet-Metal Worker's Instructor: 

For Zinc, Sheet- Iron, Copper, and Tin- Plate. Workers, etc. Contain- 
ing a selection of Geometrical Problems ; also. Practical and Simple 
Rules for Describing the various Patterns required in the different 
branches of the above Trades. By Reuben H. Warn, Practical 
Tin-Plate Worker. To which is added an Appendix, containing 
Instructions for Boiler- Making, Mensuration of Surfaces and Solids, 
Rules for Calculating the Weights of different Figures of Iron and 
Steel, Tables of the Weights of Iron, Steel, etc. Illustrated by thirty 
two Plates and thirty-seven Wood Engravings. 8vo. . ^3.00 

WARNER.— New Theorems, Tables, and Diagrams, for tho 
Computation of Earth- work : 

Designed for the use of Engineers in Preliminary and Final Estimates, 
of Students in Engineering, and of Contractors and other non-profes* 
sional Computers. In two parts, with an Appendix. Part I. A Prac* 
tical Treatise; Part II. A Theoretical Treatise, and the Appendix. 
Containing Notes to the Rules and Examples of Part I.; Explana* 
tions of the Construction of Scales, Tables, and Diagrams, and s 
Treatise upon Equivalent Square Bases and Equivalent Devel Heights. 
The whole illustrated by numerous original engravings, comprising 
explanatory cuts for Definitions and Problems, Stereometric Scale! 
and Diagrams, and a series of Lithographic Drawings from Models i 
Showing all the Combinations of Solid Forms which occur in Railroad 
Excavations and Embankments. By John Warner, A. M., Mining 
and Mechanical Engineer. Illustrated by 14 Plates. A new, revised 
and improved edition. 8vo ^.OO 

WATSON.— A Manual of the Hand-Lathe : 

Comprising Concise Directions for Working Metals of all kinds. 
Ivory, Bone and Precious Woods; Dyeing, Coloring, and French 
Polishing; Inlaying by Veneers, and various methods practised to 
produce Elaborate work with Dispatch, and at Small Expense. By 
Egbert P. Watson, Author of " The Modern Practice of American 
Machinists and Engineers." Illustrated by 78 engravings. $1*50 

WATSON.— The Modem Practice of American Machinists and 
Engineers 

Including the Construction, Application, and Use of Drills, Lathe 
Tools, Cutters for Boring Cylinders, and Hollow-work generally, with 
the most Economical Speed for the same; the Results verified by 
Actual Practice at the Lathe, the Vise, and on the Floor. Togetiitf 
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with Workakop Management, Economy of Manufacture, the Stnm- 
Engine, Boiltn*, Gears, Belting, etc., etc. By Egbert P. Watsor. 
Illustrated by eighty-six engravings. i2mo. . . . ^^2.50 
WATSON.— The Theory and Practice of the Art of Weaving 
by Hand and Power ' 
With Calculations and Tables for the Use of those connected with the 
Trade. By John Watson, Manufacturer and Practical Machine- 
Maker. Illustrated by large Drawini^ of the best Pbwer LoomSi 
8vo. ...•..,... ^6.00 

WATT.— The Art of Soap Making : 

A Practical Hand-book of the Manufacture of Hard and Soft Soaps, 
Toilet Soaps, etc., including many New Ihrocesses, and a Chapter on 
the Recovery of Glycerine from Waste Leys. By Alexander 
Watt. III. lamo. $3-oo 

WEATHERLY.— Treatise on the Art of Boiling Sugar, Ciys* 
tailizing. Lozenge -making, Comfits, Guai Goods, 
And other processes for Confectionery, etc., in which are explained, 
hi an easy and familiar manner, the various Methods of Manufacture 
lag every Description of Raw and Refined Sugar Goods, as sold by 
Confectioaers and others. i2mo |i*5C 

WIGHTWICK.— Hints to Young Architects : 
Comprismg Advice to those who, while yet at school, are destined 
to the Profession ; to such as, having passed their pupilage, are about 
to travel ; and to those who, having completed their education, are 
about to practise. Together wi.th a Model Specification involvii.g a 
great vanety of instructive and suggestive matter. By Georgb 
WiGHTWiCK, Architect. A new edition, revised and considerably 
enlarged; comprising Treatises on the Principles of Construction 
and Design. By G. HusKissoN Guillaume, Architect. Numerouf 
flbsstrations. One vol. i2mo 1^2.00 

WILL. — Tables of Qualitative Chemical Analysis. 
With an Introductory Chapter on the Course of Analysis. By Pro 
*essor liEiNRiCH Will, of Giessen, Germany. Third AmericaOf 
from the eleventh German edition. Edited by Charles F. HllCESi 
Ph. D., Professor of Natural Science, Dickinson College, Carlisle, Pa 
8vo. . . • $i'S<i 

WILLIAMS.— On Heat and Steam: 

Embracing New Views of Vaporization, Condensation, and Expl> 
sion. By Charles Wye Williams, A. I. C. E. Illustrated 8vo. 

WILSON.— A Treatise on Steam Boilers : 

Their Strength, Construction, and Economical Working. By Robert 
Wilson. Illustrated i2mo !^2.50 

WILSON.— First Principles of Political Economy : 
With Reference to Statesmanship and the Progress of Civilization. 
By Professor W. D. Wilson, of the Cornell University. A new and 
revised edition. i2mo $1.50 
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WOHLER.— A Hand-Book of Mineral Analysis : 

By F. WoHLER, Professor of Chemistry in the University of Gdttin- 
gen. Edited by Henry B. Nason, Professor of Chemistry in the 
Renssalaer Polytechnic Institute, Troy, New York. Illustrated. 
i2mo $2.$0 

WORSSAM.— On Mechanical Saws: 

Prom the Transactions of the Society of Engineers, 1869. By S. W. 
WoRssAM, Jr. Illustrated by eighteen large plates. 8vo. $2.50 



RECENT ADDITIONS. 

BRANNT. — Varnishes, Lacquers, Printing Inks and Sealing* 
Waxes : 

Their Raw Materials and their Manufacture, to which is added the 
Art of Varnishing and Lacquering, including the Preparation of Put- 
ties and of Stains for Wood, Ivory, Bone, Horn, and Leather. By 
William T. Brannt. Illustrated by 39 Engravings, 338 pages, 
i2mo. .......... 33.00 

BRANNT— The Practical Scourer and Garment Dyer: 

Comprising Dry or Chemical Cleaning; the Art of Removing Stains; 
Fine Washing ; Bleaching and Dyeing of Straw Hats, Gloves, and 
Feathers of all kinds; Dyeing of Worn Clothes of all fabrics, in- 
cluding Mixed Goods, by One Dip ; and the Manufacture of Soaps 
and Fluids for Cleansing Purposes. Edited by William T. Brannt, 
Editor of "The Techno-Chemical Receipt Book." Illustrated. 
203 pages. i2mo. jjt2.oo 

BRANNT.— The Metallic Alloys: 

A Practical Guide for the Manufacture of all kinds of Alloys, Amal- 
gams and Solders used by Metal Workers, especially by Bell Founders, 
Bronze Workers, Tinsmiths, Gold and Silver Workers, Dentists, etc.» 
etc., as well as their Chemical and Physical Properties. Edited 
chiefly from the German of A. Krupp and Andreas Wildberger, with 
additions by Wm. T. Brannt. Illustrated. i2mo. fo.oo 

BRANNT. — A Practical Treatise on the Manufacture of Vine- 
gar and Acetates, Cider, and Fruit- Wines : 

Preservation of Fruits and Vegetables by Canning and Evaporation ; 
Preparation of Fruit-Butters, Jellies, Marmalades, Catchups, Pickles, 
Mustards, etc. Edited from various sources. By William T. 
Brannt. Illustrated by 79 Engravings. 479 pp. 8vo. $5.00 

BRANNT.— The Metal Worker's Handy-Book of Receipts 
and Processes : 

Being a Collection of Chemical Formulas and Practical Manipula- 
tions for the working of all Metals ; including the Decoration and 
Beautifying of Articles Manufactured therefrom, as well as their 
Preservation. Edited from various sources. By William T. 
Brannt. Illustrated. i2mo. $2.50 
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DEITE.— A Practical Treatise on the Manufacture of Per« 
fumery : 

Comprising directions for making all kinds of Perfumes, Sachet 
Powders, Fumigating Materials, Dentifrices, Cosmetics, etc., with a 
full account of the A^olatile Oils, Balsams, Resins, and other Natural 
and Artificial Perfume-substances, including the Manufacture of 
Fruit Ethers, and tests of their purity. By Dr. C. Deite, assisted 
by L. BoRCHERT, F. Eichbaum, E. Kugler, H. Toeffner, and 
other experts. From the German, by Wm. T. Brannt. 2$ Engrav- 
mgs. 358 pages. 8vo. $3-^^ 

EDWARDS. — American Marine Engineer, Theoretical and 
Practical : 

' With Examples of the latest and most approved American Practice. 
By Emory Edwards. 85 illustrations. X2mo. . . JJ52.50 

EDWARDS. — 900 Examination Questions and Answers: 

For Engineers and Firemen (Land and Marine) who desire to ob- 
tain a United States Government or State License. Pocket-book 
form, gilt edge $1-$^ 

POSSELT.— Technology of Textile Design : 

Being a Practical Treatise on the Construction and Application of 
Weaves for all Textile Fabrics, with minute reference to the latest 
Inventions for Weaving. Containing also an Appendix, showing 
the Analysis and giving the Calculations necessary for the Manufac 
tuie of the various Textile Fabrics. By £. A. PossELT, Head 
Ma.ster Textile Department, Pennsylvania Museum and School of 
Industrial Art, Philadelphia, with over 1000 illustrations. 293 
pages. 4to $S'^^ 

POSSELT. — The Jacquard Machine Analysed and Explained : 
With an Appendix on the Preparation of Jacquard Cards, and 
Practical Hints to Learners of Jacquard Designing. By E. A. 
PossELT. With 230 illustrations and numerous diagrams. 1 27 pp. 
4to ^(^3.00 

POSSELT.— The Structure of Fibres, Yarns and Fabrics: 

Being a Practical Treatise for the Use of all Persons Employed in 
the Manufacture of Textile Fabrics, containing a Description of the 
Growth and Manipulation of Cotton, Wool, Worsted, Silk Flax, 
Jute, Ramie, China Grass and Hemp, and Dealing with all Manu- 
facturers' Calculations for Every Class of Material, also Giving 
Minute Details for the Structure of all kinds of Textile Fabrics, and 
an Appendix of Arithmetic, specially adapted for Textile Purposes. 
By E. A. PossELT. Over 400 Illustrations, quarto. , ;{(io.oo 

RICH. — Artistic Horse-Shoeing : 

A Practical and Scientific Treatise, giving Improved Methods of 
Shoeing, with Special Directions for Shaping Shoes to Cure Different 
Diseases of the Foot, and for the Correction of Faulty Action in 
Trotters. By George E. Rich. 62 Illustrations. 153 pages. 
i2mo. • $1.00 



